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Dear Ms. Manning;:

The Alkanolamines Panel of the Chemical Manufacturers Association is pleased to
submit the enclosed comments on NIOSH's Draft Special NIOSH Hazard Review: Metalworking
Fluids, dated February 23, 1996 (Criteria Document). These comments address issues pertinent to
the discussion of alkanolamines. The Panel consists of the four major manufacturers of
alkanolamines: Union Carbide Corporation, The Dow Chemical Company, Occidental
Chemical Corporation, and Huntsman Corporation.

The Panel urges NIOSH to revise the recommended exposure limit (REL) stated in the
Criteria Document. The recommended REL is overly stringent, and, in any event, does not
address the causes of potential risks resulting from metalworking fluids (MWFs). The Panel is
concerned that the proposed REL will not affect or ameliorate potential risks. Additionally, the
Panel is concerned that the Criteria Document inaccurately describes the potential risks in MWFs
relating to the presence of alkanolamines. The Panel urges NIOSH to revise the Criteria
Document accordingly as suggested in the enclosed comments.

Please direct any questions concerning these comments to Mr. Jonathon T. Busch,
Manager of the Alkanolamines Panel, at (703) 741-5633.

Sincerely,

Larfgley A. Spurlock, Ph.D., CAE
Vice President, CHEMSTAR

Attachment

N7 e
1300 WitsoN BOULEVARD, ARLINGTON, VA 22209 ¢ TeLepHONE 703-741-5000 o Fax 703-741-6000 APublic Commitment



BEFORE THE
UNITED STATES DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
CENTERS FOR DISEASE CONTROL AND PREVENTION
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

COMMENTS OF
THE CHEMICAL MANUFACTURERS ASSOCIATION
ALKANOLAMINES PANEL
ON CRITERIA FOR A RECOMMENDED STANDARD:
OCCUPATIONAL EXPOSURES TO METALWORKING FLUIDS

Criteria for a Recommended
Standard: Occupational
Exposure to Metalworking
Fluids

(Feb. 23, 1996)

— — Nt

Langley A. Spurlock, Ph.D., CAE David 2Zoll, Esq.
Vice President, CHEMSTAR Vice President and
General Counsel

Jonathon T. Busch Steven K. Russell, Esq.
Manager, Alkanolamines Panel Counsel, CHEMSTAR

Of Counsel:

Lynn L. Bergeson, Esqg.

Lisa M. Campbell, Esq.
Weinberg, Bergeson, & Neuman
1300 I Street, N.W.

Suite 1000 West

Washington, D.C. 20005

June 6, 1996

CHEMICAL MANUFACTURERS ASSOCIATION
1300 Wilson Boulevard
Arlington, Virginia 22209
(703) 741-5000



EXECUTIVE SUMMARY

The Alkanolamines Panel of the Chemical Manufacturers
Association (CMA) submits these comments on the National Institute
for Occupational Safety and Health’s (NIOSH) Criteria for a
Recommended Standard: Occupational Exposures to Metalworking
Fluids, dated February 23, 1996 (Criteria Document). The Panel is
comprised of the four United States producers of monoethanolamine
(MEA) , diethanolamine (DEA), and triethanolamine (TEA).

These comments address issues pertinent to the discussion
of alkanolamines in the Criteria Document. The Panel urges NIOSH
not to revise the recommended exposure limit (REL) for metalworking
fluids (MWFs) in the manner set forth in the Criteria Document, as
the proposed REL is overly stringent and does not address the MWF
constituents and/or byproducts that pose potential risk. Because
the REL proposed in the Criteria Document is not related to the
causes of potential risk, it may well have no effect on that
potential risk. The Panel thus urges NIOSH, before establishing a
new REL, to identify the causes of potential risks, based on-
further study of hazardous constituents, degradation products, and
metal fines of MWFs currently in use. The Panel further urges
NIOSH not to rely on epidemiological and other data that do not
reflect current formulations or conditions, and to identify cost
effective engineering and personal protective equipment controls.
Additionally, the Panel urges NIOSH to revise the C(Criteria
Document’s discussion of ethanolamines and of nitrosamines to
reflect current data, exposure levels, and regulatory controls.

The Panel looks forward to discussing these issues at the
public meeting scheduled for June 13 and 14, 1996. The Panel would
be pleased to provide additional information and/or to meet further
with NIOSH staff, upon NIOSH's request.
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INTRODUCTION

The Alkanolamines Panel of the Chemical Manufacturers
Association (CMA) submits these comments on the National Institute
for Occupational Safety and Health’'s (NIOSH) Criteria for a
Recommended Standara: Occupational Exposure to Metalworking Fluids
(Criteria Document), dated February 23, 1996.% The Panel is
comprised of the four United States producers of monoethanolamine

(MEA), diethanolamine (DEA), and triethanolamine (TEA) .2/

MEA, DEA, and TEA are amino alcohols used in cosmetic
formulations as emulsifiers, thickeners, wetting agents,
detergents, and alkalizing agents. Non-cosmetic applications of
the alkanolamines include uses in the manufacture of emulsifiers
and dispersing agents for textile specialties, agricultural
chemicals, waxes, mineral and vegetable oils, paraffins, polishes,
metalworking fluids (MWFSS, petroleum emulsifiers, and cement
additives. They are intermediates for resins, plasticizers, and

rubber chemicals. They also are used as lubricants in the textile

1/ The Criteria Document requests that comments be submitted by
May 31, 1996. As set forth in the letter appended as
Attachment 1, Mr. Ralph Zumwalde of NIOSH agreed, in a
telephone conversation with Lisa Campbell on May 24, 1996,
that NIOSH would consider the Panel’s comments submitted on
June 7, 1996, as if they had been submitted on May 31, 1996.
Ms. Brenda Boutin of NIOSH also confirmed with Ms. Campbell,
on May 28, 1996, that NIOSH would so consider the Panel’s
comments.

2/ Member companies include The Dow Chemical Company, Union
Carbide Corporation, Huntsman Corporation, and Occidental
Chemical Corporation.
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industry, as humectants and softening agents for hides, as
alkalinizing agents and surfactants in pharmaceuticals, as

absorbents for acid gases, and in organic syntheses.l/

These comments address issues pertinent to the discussion
of alkanolamines in the Criteria Document. The Panel is vitally
interested in ensuring that the Criteria Document accurately
reflects the existing toxicological and epidemiology data on MEA,
DEA, TEA, and other MWF components. These comments are not
detailed, nor do they address all of the issues pertinent to the

Panel’s interests.

The Panel acknowledges the submission by the Independent
Lubricant Manufacturers Association (ILMA), a trade association
that represents MWF manufacturers, on the Criteria Document. The
Panel urges NIOSH to review carefully the studies and other
information presented in that submission. In general, the Panel
agrees with comments submitted by ILMA, whose members are experts
on MWFs and their application. The Panel offers below
clarification on specific points raised in ILMA’S comments with

respect to alkanolamines, about which the Panel has significant

expertise.

3/  gee Christian, M.S. (ed.) (1983). "Final Report on the Safety
Assessment of. Triethanolamine, Diethanolamine, and
Monoethanolamine," Fifth Report of the Cosmetic Ingredient
Review Expert Panel. J. Am. Coll. Toxicol. - Special Issue

2(7):183-235,
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I. THE PANEL URGES NIOSH TO REVISE THE CRITERIA DOCUMENT
GENERALLY TO REFLECT POTENTIAL HAZARDS AND RECOMMEND
APPROPRIATE COST EFFECTIVE CONTROL MEASURES

As discussed in more detail below, there is limited
information regarding the causal agents of effects reported among
those exposed to MWFs. Further study to establish cause and effect
relationships should be conducted before the recommended exposure
limit (REL) is revised, to ensure that the revised REL addresses
the worker health concerns. The Panel believes that existing data
do not support the conclusion that the proposed REL, the
implementation of which will impose considerable costs, will
decrease to any significant extent, if at all, potential risks from

exposure to MWFs.

A. The Proposed REL May Not Affect Potential Risks
Because It Does Not Address Or Take Into Account
The Diversity Of MWFs

The Criteria Document contains a REL for MWFs of 0.5
mg/m3'total particulate, which is intended to address "adverse
respiratory health effects." The Panel is concerned that this REL
is highly conservative and more stringent than necessary.
Moreover, and importantly, the REL may have little or no effect on
reducing potential risks to MWFs. This is because of the diversity
of MWFs, their constituents, their degradation products, and the
metal fines resulting where they are applied, and because the REL

is not tied to the cause of any potential risks of exposure to MWF
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constituents and degradation products. In short, the REL does not

address appropriately the potential risk of exposure to MWFs.

Indeed, typically, occupational exposure 1limits are
established for discreet chemicals based on the toxicological
properties (acute and chronic exposures) for given end-points of
the chemical under evaluation, considering viable routes of
exposure, availability for exposure, availability of appropriate
exposure controls, and other safety factors. Once established,
exposure is expected to be controlled at or below the established
limit, i.e., monitoring methods are established to detect the
chemical’s presence in the workplace, and appropriate exposure
controls are established. These factors simply are not present for

the REL set forth in the Criteria Document.

The Panel therefore urges NIOSH to revise the Criteria
Document to establish a REL or RELs that address appropriately and
cost effectively the potential risks associated with hazardous
comﬁonents and degradation products of MWFs in use. Such RELs must
be based on sound science, relating any limit set to the potential
risk of the hazardous component, or degradation product, to which

it applies.
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1. MWFs, Their = Constituents, And Their
Byproducts Are Diverse, And The Proposed
REL Does Not Address Appropriately
Potential Risks Based On This Fact

MWFs are composed of a wide variety of chemicals, which
are categorized into four major fluid types -- straight, soluble,
synthetic, and semi-synthetic. These categories represent
literally thousands of varied chemical formulations and emulsions.
In use, these chemical formulations undergo microbial and thermal
degradation, generating additional chemical constituents, which,
along with the original fluids, vary in concentration continuously
throughout the work day. Also included in the MWF aerosols are

metal fines from the various metalworking operations.

While the Criteria Document discusses at great length
potential adverse health effects for MWF exposure in general, it
contains little discussion of the chemical composition of MWFs
currently in use. The Criteria Document discusses some hazardous
ingredients in MWFs, and then concludes that ". . .with additional
research, it may be possible to identify specific MWF formulations
with substantially lower risks."4/ This statement implies that
-- as a result of their constituents -- the MWFs themselves are
hazardous and the source of the adverse health effects discussed in
the Criteria Document. Little consideration is given to

degradation products or metal fines that may well be more hazardous

&/ Criteria Document at 190.
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than the original fluids and, importantly, that would likely also
exist in fluids of "substantially lower risks." Since each MWF
component and degradation product has its own toxicity
characteristics, each should be controlled by appropriate
occupational exposure limits, if necessary. The REL established in
the Criteria Document, because it does not address MWF components
and degradation products -- or the diversity of the various MWFs --
may not affect at all potential risks due to hazardous

constituents.

2. A REL Should Be Based On A Defined Cause
Of Any Potential Adverse Health Effect

The rationale for the proposed REL stated in the Criteria
Document is stated as asthma and acute airflow reductions.3’/ No
specific causes of these effects are stated or explained, however.
The Panel recommends that before a REL is established, NIOSH
further study hazardous constituents, degradation products, and
metal fines of the MWFs currently in use, to analyze the chemical
and particulate composition of representative sample metalworking
operations using the four types of fluids. Once the chemical and
particulate constituents of MWF in use are defined, a more
definitive relationship can be drawn between the constituents and
their known adverse health effects. At that point, exposure

controls should be established for those hazardous components, if

5/ See Criteria Document at Section 10.
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they do not already exist, resulting in control to appropriate

levels and improved worker health and safety.

The Panel emphasizes in this regard that potentially
hazardous decomposition products should be further studied, in
addition to potentially hazardous consti;uents. For example, while
the Criteria Document discusses nitrosamines and endotoxins,&/ it
does not address other potentially hazardous byproducts, nor does
it address the potential health impact of metal fines from

metalworking operations.

Moreover, even where NIOSH does discuss potentially
hazardous byproducts, such as endotoxins, it does not explain how
the REL will address their potential ‘risks. For example,
endotoxins produced by Gram-negative bacteria have been shown to
cause the type of acute airflow reductions which form the basis for
the proposed 1lowered REL. Reducing the REL based on total
particulate, however, may have little or no impact on the control
of endotoxin levels. Thus, the Panel suggests that further
research on the identification and control of endotoxins in MWFs

would much better and more appropriately meet the Criteria

The Panel notes in this regard that it supports controls on
conditions that could lead to the generation of nitrosamines,
as well as controls on nitrosamines levels, as discussed in
the Panel’s Nitrosamines Position Paper, which is appended as
Attachment 2. As further discussed below, Panel members are
committed to supplying nitrosamine-free products and educating
end-users regarding the hazards of nitrosamines and the
conditions in which they are produced.
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Document’s goals in reducing the asthma and acute airflow effects

stated to be of concern than would the proposed REL.

In this regard, the Panel additionally urges NIOSH to
define better its characterization of the respirable and non-
respirable fractions of MWF aerosols, as doing so would provide a
basis for conclusions regarding the true potentially hazardous
components and routes of entry. For example, the epidemiological
effects (cancer) reported from chronic exposure in the esophagus,
stomach, colon, and rectum, are likely due to ingestion of MWFs,
their degradation products, and metal fines, rather than as a
result of systemic effects of skin and inhalation exposure to the
original MWF. With respect to this issue, the Panel notes that the
epidemiology studies referenced in the Criteria Document were
conducted prior to the removal of specific constituents and/or
contaminants that could be causal of the effects reported in the
referenced study findings. Thus, while the studies referenced may
raise potential concern with MWF exposure, they should not be the
basis for conclusions about current MWF exposures, because they do

not reflect current MWF formulations or practices.

B. The Panel Urges NIOSH To Revise The REL To Address
Potential Exposures And Appropriate Control
Mechanisms More Accurately

The Panel urges NIOSH to revise the REL to state more

fully and accurately potential routes of exposure to MWFs,
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effective control measures, and effective exposure monitoring
methods. With regard to potential routes of exposure, the proposed
REL addresses inhalation only, when the primary route of exposure
to MWF is dermal contact.l/ The Panel therefore urges NIOSH to
revise the Criteria Document and its recommendations to reflect
this fact. The Panel further suggests that NIOSH provide guidanﬁe
on cost effective exposure control mechanisms that would assist in

establishing an achievable occupational exposure limit.

With regard to effective exposure control mechanisms, the
Panel urges NIOSH to evaluate and recommend measures that will
achieve necessary protection at a reasonable cost. With respect to
this issue, NIOSH should consider the guidelines to the management
and control of MWFs developed by Organization Resources Counselors
(ORC) and the American National Standard Institute (ANSI). This is
especially important given the cost of implementing existing
controls necessary to meet the 0.5 mg/m® REL stated in the Criteria
Document. For example, the cost for one automobile manufacturer to
implement the engineering controls necessary to meet the proposed

REL of 0.5 mg/m® is estimated at $1.5 billion.8&/

The Criteria Document gives only limited consideration to
the use of personal protective equipment to avoid exposure. The
1/ This fact is demonstrated by the calculations set forth in the
. discussion below concerning ethanolamines.

&/ Nancy DeMarco, "NIOSH Urges Lower Fluid Mist Exposures," Lubes
‘n’ Greases, May 1996 at 41-43.
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Panel urges NIOSH to define effective engineering controls and
their cost, and to research further and define acceptable personal
protective equipment before issuing the REL in final form.
Effective, specialized personal protective equipment could be
established at less cost than the estimated $1.5 billion that will

be needed to implement engineering controls.

With regard to exposure monitoring, the Panel believes
NIOSH should determine appropriate and cost effective monitoring
techniques, once the causal potentially hazardous constituents are

identified.

II. THE PANEL URGES NIOSH TO REVISE THE CRITERIA DOCUMENT'S
DISCUSSION OF ALKANOLAMINES AND NITROSAMINES

A. Ethanolamines Are Present In MWFs Only In Very Low
Concentrations And Thus Pose Very Little Exposure
Potential '

Contrary to statements in the Criteria Document,2/
ethanolamines (MEA, DEA, and TEA) do not contribute to the adverse
health effects in MWF applications at the low concentrations in

which they are used when exposures are controlled to the current

2/ Section 5 of the Criteria Document lists TEA as a selected
potentially hazardous chemical ingredient of MWFs, and
provides general information regarding its use, and the use of
other alkanolamines. This section further outlines findings
of a recent life-time study of TEA in rats and mice conducted
by the National Toxicology Program (NTP) and other similar
studies.
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REL of 5 mg/m3. This is due to the low potential for exposure to
ethanolamines as MWF components and the relatively low toxicity of

ethanolamines.

The Criteria Document erroneously refers to a
concentration of 10 percent ethanolamine (EA) in bulk MWF
formulations. According to ILMA, bulk MWFs typically contain 2-3
percent MEA or DEA, or up to 25 percent TEA. For convenience, ILMA
recommended using a 5 percent concentration of MEA or DEA in MWFs,
or a 25 percent concentration of TEA, as an upper bound when
calculating risk. Bulk MWFs are typically diluted to an end-use
concentration of 10:1 with water, according to ILMA, resulting in
a final concentration of 0.5 percent MEA or DEA, or 2.5 percent

TEA.

Using a 0.5 percent concentration of MEA or DEA in MWF,
an upper bound of potential dermal worker exposure to MEA or DEA is
calculated to be 0.24 mg/kg. Similarly, using a 2.5 percent
concentration of TEA in MWF, an upper bound of potential dermal
worker exposure to TEA is calculated to be 1.2 mg/kg. These

calculations are set forth below:
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Ethanola-  Hand/ Estimated Specific Fraction Body Absorp- Potential

mine Forearm Skin Maximum Gravity of EA In Weight tion Exposure

Surface Area Film MWF Factor
Thickness

MEA 2300 square  0.00981 1 g/ml 0.005 78.1 kg  16%1%/ 0.24

or centi- cem::'L-‘I1 = 1'512 mg/kg

DEA metersl®/ metersll/ mg/kgle/

TEA 2300 square  0.00981 1 g/ml 0.025 78.1 kg 16%1¥/ 1.2 mg/kg
centi centi- = 7. 12
metersld/ meterstl/ mg/kgl®/

10/

The United States Environmental Agency (EPA) states this to be
the skin surface area of hands and forearms. See EPA,
Exposure Factors Handbook.

e
e

This is a highly conservative value for the film thickness for
ethanolamine on the skin and assumes full immersion without
any removal. See EPA, Methods for - Assessing Exposure to
Chemicals.

12/ EpA states that median adult male weight is 78.1 kg. See EPA,
Exposure Factors Handbook.

13/  The 16 percent absorption factor used for these calculations
is conservatively based on the percentage of DEA absorbed via

the skin as stated in Matthews and Jeffcoat (1991). The
Panel notes, however, that a much lower value has been
determined -- 5 percent or less -- by Wachter, J.M., et al.
See Wachter, J.M., et al. (1995) . "Diethanolamine:

Pharmacokinetics in Sprague Dawley Rats Following Dermal or
Intravenous Administration" (CMA).

Furthermore, in vitro studies conducted by Sun et al. have
demonstrated a lower percent absorption by human skin than by

rodent skin. See Sun, J.D., et al. (1996). "In Vitro
Penetration of Monoethanclamine and Diethanolamine Using
Excised Skin from Rats, Mice, Rabbits, and Humans." J.
Toxicol. - Cut. & Ocular Toxicol. 15(2) :131-146.

The Panel believes that existing data support the conclusion
that the 16 percent absorption factor would be approximately
the same for MEA and TEA and thus uses it for the calculations
for MEA and TEA.
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The Panel notes that with respect to the dermal absorption rate of
16 percent used in the calculations set forth above, recent in

vitro studies by Sun et al. show the absorption rate to be even

less.:4/

The estimated aerosol inhalation exposure to MEA, DEA,
and TEA via MWFs is considerably lower -- at 0.0032 mg/kg for MEA
and DEA, and at 0.016 mg/kg for TEA -- based on the following
calculations:

Ethanolamine Current Percentage Daily Body Potential
REL of Ethanocla- Human Weight Exposure
mine in MWF Air Intake
MEA or 5 mg/m’ 0.005 10 m’ 78.1 kg = 0.0032 mg/kg
DEA
TEA 5 mg/m®  0.025 10 m 78.1 kg = 0.016 mg/kg

These calculations demonstrate the minimal potential for
worker exposure to ethanolamines from MWFs via either the dermal or
inhalation routes, because ethanolamines are a minor component of

MWFs.

In addition, with respect to exposure, the Panel notes
that alkanolamines do not tend to concentrate in MWAFs. This is due

in part to the continual addition of water to the MWF process.

Ih-'
'S
~

Sun, J.D., et al. (1996). "In Vitro Penetration of
Monoethanolamine and Diethanolamine Using Excised Skin from
Rats, Mice, Rabbits, and Humans." J. Toxicol. - Cut. & Ocular

Toxicol. 15(2) :131-146.
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B. Toxicity Data On Ethanolamines Show That They Are
Unlikely To Result In Adverse Health Effects At
Concentration Levels Present In MWFs

Extensive research has been conducted on ethanoclamines to
define their relative toxicity. The Panel is submitting for
publication in June 1996, and will forward to NIOSH upon its
completion, under separate cover, a comprehensive review of
available subacute, subchronic, and chronic toxicity data for MEA,
DEA, and TEA. These data support the conclusion that exposure to
ethanolamines at the concentrations anticipated in MWF applications

is not likely to result in any adverse health effects.

Section 5 of the Criteria Document describes draft
results reported by NTP from a life-time TEA study conducted on
male and female Fischer 344 rats and B6C3F1 mice. The draft report
concludes that male rats showed "equivocal evidence" of kidney
cancer, "no evidence" of cancer in female rats, "equivocal
evidence" of liver cancer in male mice, and "some evidence" of
cancer in female mice. The draft report has not yet been issued in

final form.

Indeed, the Panel has supported an independent
examination of the NTP rat and mouse studies under the direction of
Dr. Judith McGregor. As discussed in the materials that the Panel

recently submitted to NTP, which are appended as Attachment 3, the
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investigation resulted in several very significant findings, which

are expected to alter the report’s conclusions.

Specifically, an evaluation of the rat studies by Dr.
James Swenberg showed no statistical increase in kidney tumor
incidence when data on serial kidney sections, a more sensitive and
thorough means of detecting tumors in this tissue than the standard
sectioning method that NTP used, were considered. Further, tumor
incidences were within historical control ranges for NTP studies in
which serial sectioning was conducted. An evaluation by Dr. James
G. Fox of the mouse study showed the presence of Helicobacter
hepaticus, a bacterium reported to cause liver tumors in mice, in
both males and females. This bacterium confounds any attempt to
evaluate tumorigenic potential of TEA in this tissue. Based on
these results, the Panel has urged NTP to revise its report to
state that the male rat kidney data show no evidence of
carcinogenic activity and that the presence of Helicobacter
hepaticus makes the mouse study results inadequate for the

evaluation of liver and gastrointestinal oncogenic effects.

The expected changes in the NTP TEA study report are
consistent with other cancer biocassays on TEA, as well as
mutagenicity studies, which were negative. These other studies,
including a recent evaluation in a transgenic mouse study, are
discussed in the toxicology review of MEA, DEA, and TEA that the

Panel will soon forward, under separate cover, to NIOSH. The
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problems with the draft NTP study results noted above, coupled with
the negative results of other cancer bioassays on TEA and negative
mutagenicity data, show clearly, based on a weight of evidence,
that TEA is not genotoxic nor carcinogenic. In short, these data

show that TEA poses no cancer threat to humans.

The Panel also believes that DEA does not pose a cancer
threat to humans in MWF applications, based on the low potential

exposure to DEA in MWFs and other data that indicate that DEA is

s/

noncarcinogenic. There is also overwhelming evidence that DEA

is not mutagenic/genotoxic, and DEA was negative in a transgenic

mouse assay, as discussed in the toxicology review that the Panel

15/ The Panel notes that NTP recently released draft pathological

evaluations of life-time studies of DEA with Fischer 344 rats
and B6C3F1 mice. According to the draft NTP report, exposed
rats showed no evidence of liver or kidney cancer, while
exposed mice showed an increased incidence of liver tumors in
males and females, and an increase in kidney tumors in males
only, relative to unexposed study mice. The NTP report is
interim and preliminary in nature. No detailed data have been
made available, nor have statistical evaluations been
conducted. Further evaluation of this study is essential to
interpret these data, and to reach any conclusions based upon
the study. For example, it is essential to determine the
presence or absence of Helicobacter hepaticas in the study
mice. While the NTP interim report on DEA stated that
Helicobacter hepaticas was not present in the study mice, NTP
may not have utilized techniques recently developed by the
Massachusetts Institute of Technology (MIT) to identify this
bacteria specifically, when other techniques fail to do so.
This and other potential issues with regard to the study are
addressed in the Panel’s position paper on the study, which is
appended as Attachment 4. In any event, the NTP study mice
received daily dermal doses throughout their lifetimes at dose
levels much higher than would be anticipated in MWF
applications, i.e., 40, 80, 160 mg/kg/day relative to 0.24
mg/kg (taking into account the 16 percent absorption factor)
in MWF. .
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will soon forward, under separate cover, to NIOSH. Epidemiology
evaluation of manufacturing workers also showed no cancer
correlation to ethanolamines, as discussed in the forthcoming

toxicology review.

C. Effective Controls Exist Already To Address
Potential Risks Based On The Formation Of
Nitrosamines

It is well known that under certain conditions, as
described in the Criteria Document, ethanolamines, particularly
secondary amines, such as DEA, can denerate nitrosamines --
principally N-nitrosodiethanolamine (NDELA). These conditions have
been controlled by EPA’s prohibition on the addition of nitrosating
agents to MWFsl€/ and its regulation of other conditions that may
result in the formation of nitrosamines,ll/ as well as its
significant new use rule (SNUR) requirements for alkali metal

nitrites intended for use in MWFs .18/

Section 6.1.1 of the Criteria Document indicates that
NDELA contamination was identified "in half of new and used
straight oil samples at a mean concentration of 0.9 ppm (range
0.14-3.0)." The Panel knows of no data showing nitrosamines or

NDELA to be present in straight oils or demonstrating any

16/ gee 40 C.F.R. Part 747; 49 Fed. Reg. 2762 (Jan. 23, 1984).

'}-l
~3

/  See 40 C.F.R. § 747.115.
18/ 40 C.F.R. § 721.4740.
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relationship of such nitrosamines or NDELA to alkanolamines. This
is particularly so given the fact that straight oils do not contain
alkanolamines. If it is true that straight oils do contain
nitrosamines or NDELA, their source(s) must be something other than

alkanolamines.

With regard generally to other statements in the Criteria
Document relating to nitrosamines and NDELA, the Panel endorses and
incorporates by reference that section of the comments submitted by
ILMA on the Criteria Document addressing nitrosamines. The Panel
disagrees, however, with certain statements in the ILMA comments,

as follows:

» With regard to NDELA, existing data show that NDELA
is a weak carcinogen, as discussed in the Panel’s
position paper on nitrosamines and alkanolamines, a
copy of which is appended as Attachment 2. As
discussed in the Panel’s position paper, while it
has caused cancer in animal studies, NDELA appears
to be one of the least potent carcinogens of the
nitrosamine family, and studies of worker
populations that may have had NDELA exposure in the

past do not indicate carcinogenic effects.12/

.|'_,
\0
~

These issues are also discussed in a document prepared by the
European Chemical Industry Ecology & Toxicology Centre
(ECETOC), which the Panel urges NIOSH to consider. See
ECETOC, Technical Report No. 41: Human Exposure to N-

(continued...)
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] The Panel also disagrees that for metal removal
fluid concentrates, the sole determining factor in
the level of nitrosamine formed is the amount of
diethanolamine (DEA) present. As described in the
Criteria Document, specific conditions must exist
for the generation of nitrosamines to occur. These
include the following factors, which are critical:
the presence of a nitrosating agent; an acidic pH
ievel; an elevated temperature of the fluid; and
the time of contact between the amine(s) and

nitrosating agent (s) .22/

In addition, the Panel disagrees with the statement in
the Criteria Document that "TEA could be readily nitrosated to form
N-nitrosdiethanolamine (NDELA)." This statement is misleading in
any document discussing MWFs, because TEA 1is not readily
nitrosated, particularly under the alkaline conditions present in

MWFs. 1In the study referenced in the Criteria Document for this

statement, TEA was nitrosated only at acidic pH -- a condition
wholly inapplicable to MWFs -- at 90°C, and after 16 hours (the
only time examined). The Panel thus urges NIOSH to revise this

statement in the Criteria Document.

19/(...continued)
Nitrosamines, their Effects, and a Risk Assessment for N-
Nitrosdiethanolamine in Personal Care Products (Aug. 1990).
The Panel would be pleased to provide a copy of this document
to NIOSH, upon its request.

20/

See Criteria Document at 139.
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Likewise, the Panel urges NIOSH to revise the sentence on
page 139 of the Criteria Document, which states that "[clertain
biocides can dissociate to form nitrite ions, which may react with
alkanolamines, such as the mono-, di-, and triethanolamines, to
form nitrosamines." This statement is incorrect and misleading in
referring to MEA and TEA, which do not react with the nitrosating
agents at issue to form nitrosamines, particularly under the

conditions present with MWFs.

The Panel also urges NIOSH to revise the reference to the
Fan et al. study, which NIOSH states "reported 0.02% to 3%
concentrations of NDELA contamination in several unused, synthetic
MWFs containing the alkanolamines TEA or DEA and nitrites."2d/
The Panel urges NIOSH to revise this discussion to state clearly
that the data at issue in the Fan et al. study were collected in
the 1970s -- before stringent controls on nitrites in MWFs were

implemented in the United States and Europe.

The Panel wishes to note with respect to the nitrosamines
issues affecting MWFs that it and its members, as signatories to
CMA’s Responsible Care® program and as product stewards, are
committed to addressing concerns about alkanolamines and potential
nitrosamine formation. Panel members have worked diligently since
the mid-19708 to address these concerns -- both through research

and through actions intended to minimize the formation of

2L/ criteria Document at 139.
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nitrosamines. These initiatives are discussed in the Panel'’s

position paper on this issue, which is appended as Attachment 2.
CONCLUSION

For all the reasons stated, the Panel urges NIOSH fo
revise the Criteria Document as suggested herein. Specifically,
the Panel urges NIOSH, before establishing a new REL, to identify
the causes of potential risks, based on further study of hazardous
constituents, degradation products, and metal fines of MWFs
currently in use. The Panel further urges NIOSH not to rely on
epidemiological and other data that do not reflect current
formulations or conditions, and to identify cost effective
engineering and personal protective  equipment controls.
Additionally, the Panel urges NIOSH to modify the sections on
alkanolamines and nitrosamines in the manner set forth above. The
Panel would be pleased to meet with NIOSH to discuss its concerns

in greater detail.

Attachments
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WEINBERG, BERGESON & NEUMAN
1300 Eve StreeT, N.W.
Suite 1000 WesT

WASHINGTON, D. C. 20005 E A X

202-962-8588

FAX: 202-962-8599 -r MY 2 4 1996

May 24, 1996

Via Facsimile

Mr. Ralph Zumwalde
Education and Information Division
National Institute for Occupational
safety and Health
U.S. Department of Health and Human Services
4676 Columbia Parkway
Mail Stop C-32
Cincinnati, OH 45226

RE: Draft Criteria For A Recommended Standard
-- Occupational Exposures to Metalworking
Fluids

Dear Mr. Zumwalde:

This 1letter confirms the understanding of the
Alkanolamines Panel of the Chemical Manufacturers Association
regarding the National Institute for Occupational Safety and
Health’s (NIOSH) consideration of its comments on the above-
referenced document. Based on a conversation between you and Lisa
Campbell on May 24, 1996, the Panel understands that NIOSH has
agreed to consider the Panel’s comments as if they were submitted
on or before May 31, 1996, if the Panel submits those comments on
or before June 7, 1996.

Thank you for your assistance in this matter. Please
call if you have any questions.

Sincerely,

M“C&n"rtw

Lynn L. Berge
Lisa M. Campbell

09L1002_.301(02)






Nitrosamines and Alkanolamines

Position Statement of the Alkanolamines Panel,
Chemical Manufacturers Association, USA

Since the mid 1970's, there has been concern about the possible presence of
nitrosamines in Alkanolamines and the formation of nitrosamines when
products containing Alkanolamines are used. The producers of
Alkanolamines have worked diligently since that time to address these
concerns — both through research and through actions intended to minimize
the formation of these often undesirable compounds. This position
Statement summarizes the current state of the Alkanolamine industry as we
strive to supply accurate information on this issue.

Why is there concern about nitrosamines?

As Alkanolamines producers, we are most concemned with one nitrosamine ~
N-nitrosodiethanolamine (NDELA). While it does cause cancer in animal
studies, NDELA appears to be one of the least potent carcinogens of the
nitrosamine family. Studies of worker populations that may have had
NDELA exposure in the past do not indicate carcinogenic effects. While
reassuring, some studies still suggest that people can be exposed to low levels
of NDELA through some exposure routes, making it imperative that all users
of Alkanolamines understand how to prevent formation of NDELA.

How and When Are Nitrosamines Formed?

NDELA is primarily formed under conditions of moderate to high acidity and
elevated temperatures, when diethanolamine (DEA), a secondary amine, is
brought into contact with nitrnsating agents such as nitrites, nitrous acid, or
nitrogen oxides. The rate of reaction is siow and relates most directly to the
concentrations of the DEA and the nitrosating agents in solution.

There have been studies documenting the formation of NDELA at other
conditions (high pH, lower temperatures) but at extremely slow reaction rates.
Because the optimal conditions for formation are those of acidity, and since DEA
itself is highly basic, formation of NDELA in pure DEA is not a major pathway to
nitrosamine formation. Producers of Alkanolamines take many steps to prevent
NDELA formation by maintaining high purity Alkanolamines free of nitrosating
agents. It is theoretically possible to form nitrosamine from both
monoethanolamine (MEA) and triethanolamine (TEA), but the conditions for
these reactions are so severe chemically, and the rates of reaction are so0
tremendously slow, that it is extremely unlikely that MEA or TEA would make
any significant contribution to nitrosamine formation.

Residual DEA in either product would probably still be of most interest to users
seeking to prevent NDELA formation.



Because of the facts about NDELA formation, it is imperative that ysers DO
NOT use nitrosating agents in conjunction with Alkanolamines . While this
seems broadly known, we feel it is vital to reinforce this with all users because
analytical surveys by government agencies occasionally find small amounts
of NDELA in end-use products. This may be occurring because of contact
between Alkanolamines (added for desirable properties) and nitrosating
agents (possibly added on-purpose or added inadvertently as contaminants in
other materials).

What are Alkanolamines Producers copumitted to doing on this issue?

Alkanolamines, because of their highly desirable properties, will necessarily
continue to be used in a wide variety of applicatioris. Therefore, we are °
committed to the following actions to help assure safe use of our products:

- We seek to educate all users of our products about the formation of
nitrosamines that can occur when DEA comes into contact with
nitrosating agents such as nitrites, nitrous acids, or nitrogen oxides. In
fact, we specifically warn users NOT to create conditions which can lead to
the formation of NDELA.

- We are committed to supplying nitrosamine free products to customers.

- We encourage research to identify nitrosating agents which may be
inadvertently added to the formulated products that sometimes indicate
low-level concentrations of NDELA.

- We are committed to the safe use and handling of Alkanolamines
products, and we will work cooperatively with those parties interested in
resolving nitrosation issues where our products are involved. "

. For more information, please call your supplier of Alkanolamines or
Jon Busch, Manager, CMA Alkanolamines Panel, 202-887-1189. Members of
the CMA Alkanolamines Panel include: The Dow Chemical Company,
Occidental Chemical Company, Huntsman Corporation, and Union Carbide
Corporation.
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CHEMICAL MANUFACTURERS ASSOCIATION

April 25, 1996

Via Federal Exvress

J.R. Bucher, Ph.D.
National Institute of
Environmental Health Sciences
National Toxicology Program
111 TW Alexander Drive
Research Triangle Park, North Carolina 27709

Re: Technical Report on the Toxicology and
Carcinogenesis Studies of Triethanolamine
(CAS No. 102-71-6) in F344/N Rats and
B6C3F1 Mice (Dermal Studies)

Dear Dr. Bucher:

The Alkanolamines Panel of the Chemical Manufacturers
Association submits this letter to urge NTP to withdraw, and
revise, its Technical Report on the Toxicology and Carcinogenesis
Studies of Triethanolamine (CAS No. 102-71-6) in F344/N Rats and
B6C3F1 Mice (Dermal Studies) (Technical Report). The Panel
believes that the Technical Report contains conclusions that are
inaccurate, based on the Panel’s review of the results of Dr.
Judith MacGregor’s review and audit of the study findings. The
Panel is comprised of the four United States producers of
monoetim;molamine (MEA) , diethanolamine (DEA), and triethanolamine
(TEA) .

The Panel appreciates the opportunity that NTP provided,
‘pursuant to the meeting of Panel and NTP representatives on
March 31, 1995, for the Panel to evaluate the data underlying the
Technical Report before NTP issues the report in final form. Based
on Dr. MacGregor’s review and audit, and as further discussed
below, the Panel urges NTP to withdraw the Technical Report, and to
revise it to: (1) designate the Toxicology and Carcinogenesis
Study of Triethanolamine in B6C3F1 Mice as inadequate for

i/ Member companies include The Dow Chemical Company, Union

Carbide Corporation, Huntsman Corporation, and Occidental
Chemical Corporation.
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J.R. Bucher, Ph.D.
April 25, 1996
Page 2

evaluation of liver and gastrointestinal oncogenic effects; (2)
state that the male rat kidney data show "no evidence of
carcinogenic activity;" and (3) make the additional changes noted
below. . :

Mouse Study Liver Issues

Based on Dr. MacGregor’s review and audit of the study
findings, the Panel believes that the Technical Report’s discussion
of the mouse study should be revised in the following manner:

1. Designate the Toxicology and Carcinogenesis Stuay
of Triethanolamine in Béc3ri Mice as "inadequate'
for evaluation of liver and gastrointestinal
oncogenic effects: Helicobacter hepaticus has been

study using definitive culture and PCR
techniques.2/ Helicpbacter hepaticus has been

confounding factor in this study. It is not
possible to determine the influence of any
interactive effect of triethanolamine and
Helicobacter hepaticus. More importantly, it is
not the purpose of carcinogenicity assays to
evaluate such effects. Therefore, the NTP
designation of "inadequate® ig appropriate. As the
definition of the "inadequate" category states, the
study. cannot be interpreted as valid for showing
either the presence or absence of liver oncogenic
activity in mice. :

2. Correct the data and discussion of the Warthin

Starry staining results: Only 11 of the 16 male

. mouse livers were positive. One male mouse that

had karyomegaly and oval cell hyperplasia did not
have a positjve warthin Starry stain result.

2/ see James g. Fox, "Role of Helicobacter Hepaticus in
Confounding Results of Triethanolamine Carcinogenesis Assay in
Mice." (Mar. 29, 1996). A copy of Dr. Fox’s report is

appended as Attachment 1.
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J.R. Bucher, Ph.D.
April 25, 1996
Page 3

3. Reference and discuss Dr. Fox’s laboratory
investigative approach and results, as set forth in
the report cited in note 2 and appended hereto as
Attachment ‘1.

4. Revise the discussion of Helicobacter hepaticus:
The discussion of Helicobacter hepaticus is
incorrect and incomplete. The conclusions are
based on an assumption that animals that do not
have karyomegaly and oval cell hyperplasia in the
liver are not infected. This is not correct and
should be revised accordingly.

Rat Study Kidney Issues

Based on Dr. MacGregor’s review, the Panel urges NTP to
withdraw the Technical Report and make the following revisions to
its discussion of the rat study:

1. Change the designation of "equivocal® for the male
rat kidney adencmas to a designation of ‘“mo
evidence of carcinogenic activity:" The small
microscopic adenomas cannot be distinguished from
severe gyperplasia in sections from male rat
kidneys. None of the trend tests for kidney
tumors, hyperplasia, or combined proliferative
lesions from original, step, or total sections are
positive. The step section results did not
indicate any . increase in kidney tumors or
hyperplastic lesions. The step section results are
statistically different from the results of
original sections. For these reasons, the
designation of "equivocal" is not consistent with
conclusions from other NTP studies in which step
sectioning was done on male rat kidneys. The Panel
therefore urges NTP to change the designation to
"no evidence of carcinogenic activity," which
accurately reflects the study results.

3/ Judith A. MacGregor, Ph;D., DABT "An Assessment of NTP'’s

Conclusion that Triethanolamine Causes an Equivocal Increase
in Kidney Tumors in Male Fischer Rats" (Jan. S, 1996). A copy
of Dr. MacGregor'’s report is appended as Attachment 2.
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J.R. Bucher, Ph.D.

April 25,
Page 4

The

Histopathological Evaluation of the Kidne
Studies. Toxicol. Pathol. 22:457-472.

09L7002_.301 (03]

Eustis S., Hailey J.R., Boorman G.A., and Haseman J.K.

1996

Include the individual animal data from the step
section evaluations on male rat kidneys in the
Technical Report: This information should be
presented in the same format as the data from the
original section evaluations.

Include a statement in the report recognizing that
severe hyperplasia cannot be distinguished from, at
the most extreme 1lesion, small microscopic
adenomas: This statement is in the Pathology
Working Group’s (PWG) report of September 23, 1993,
but is not mentioned in the draft report.

Enhance the statistical evaluation to include a
comparison of the data from the original sections
and the step sections: Add discussion about the
fact that the data from the original sections are
statistically different from the step sections when
comparing total adenomas and also when comparing
the frequency of adenomas in the mid-dose group
from the original and step sections.

Develop criteria for designmating a study as
"equivocal" when step sections are evaluated: The
criteria being used for this purpose are not clear
and do not appear to be consistent.
Triethanolamine did not cause any increase in
adenomas in step sections from male rat kidneys.
The Eustis et al. (1994) paper? provides
evaluations of 13 NTP studies in which step
sections were evaluated in male rat kidneys. of
the 3 cases where the results were designated as
"equivocal," all caused a slightly higher number of
tumors or hyperplasia in both the original and step
section evaluations.

* * * * *

Utility of Multiple-Section Sampling in

(1994) .

the

y for Carcinogenj.city



J.R. Bﬁcher, Ph.D.
April 25, 1996
Page 5

We appreciate your assistance and would be pleased to
discuss further with you.our concerns and conclusions. If you have
any questions, please call me at (202) 887-1189.

T B

Jonathon T. Busch
Manager, Alkanolamines Panel

Sincerely,

Attachments
cc: Kenneth Olden, Ph.D.
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Division Massachusetts
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C arati' icing 45
James G. Fox, DVM ' Mi!;igine ve Buiding
Professor and Director 77 Massachusetts Avenve

Phone: 617/253-1757
Fax: 817/252-1877

March 29, 1996

Jon Busch, Manager, Alkanolamines Panel

Chemical Manufacturers Association

1300 Wilson Boulevard :

Arlington, VA 22209

Dear Mr. Busch:

Enclosed please find the final H. hepaticus triethanolamine carcinogenesis report. If you
have any questions, please do not hesitate to contact me. With best regards.

)
\James G. Fox, DVM
"Professor and Director

JGF/jr



March 29, 1996

Role of Helicobacter hepaticus in Confounding Results of

Triethanolamine Carcinogenesis Assay in Mice.

James G. Fox, DVM
Professor and Director
Division of Comparative Medicine
Massachusetts Institute of Technology
Cambridge, MA



TRIETHANOLAMINE NTP CHRONIC MOUSE STUDY

Purpose: Determine if H. hepaticus confounded results of triethanolamine

carcinogenesis assay.

In the NTP Chronic Dermal Study of Triethanolamine in the B¢C,F, mouse, an organism |
compatible with Helicobacter hepaticus was identified in a few liver sections from male
mice (Triethanolamine NTP draft report; Fox et al, 1994; Ward et al, 1994). The
prevalence of infection however, was not fully evaluated. Single sections of liver on each’
animal were taken to evaluate histological changes using H&E stain. In many cases, the
liver sections were taken to evaluate grossly appearing nodules for evidence of neoplasia.
Warthin Starry stain was used on one liver section from 15 male and four female animals.
Bacteria were identified in the livers of 11 males and no females. Since H. hepaticus has
been associated with the presence of liver neoplasia in A/JCr mice and since liver
neoplasia was increased in the highest treatment groups in both male and female animals,
accurate assessment to determine the extent of H. hepaticus infection was necessary to
draw appropriate conclusions about the toxicity of triethanolamine in this study (Fox et

al, 1994; Ward et al, 1994). Also, the correlation of the presence of karyomegaly and
oval cell hyperplasia with the presence of H. hepaticus was assessed.

An increase in liver adenomas in male mice was evident in the highest treatment group.
Overall, 42/50 male mice treated with 2,000 mg/kg of TEA had liver tumors compared
with 31/50 in the controls. A significant number (33) of male mice in the high treatment
group did not show evidence of karyomegaly or oval cell hyperplasia in the single liver
section that was evaluated. These two liver lesions had previously been correlated with
the presence of H. hepaticus in infected livers of A/JCr male mice (Ward er a/ 1994).

. Because these mice did not have these lesions, it was concluded that the animals were not
infected with H. hepaticus.



In addition, there was a marked increase in liver tumors in female mice treated with TEA.
A total of 41/50 females dermally treated with 1000 mg/kg triethanolamine had liver
tumors compared to 23/50 controls. None of the female animals were diagnosed as being
infected with H. hepaticus because they did not have karyomegaly or bile duct
hyperplasia, nor was H. hepaticus seen in the livers of the 4 mice evaluated by Warthin
Starry stain.

METHODS

Liver samples: Frozen and formalin fixed mice liver specimens were initially selected
from mice which had been previously diagnosed with H. hepaticus by Warthin Starry
examination of liver specimens; two additional mouse livers were included because they
were diagnosed as being H. hepaticus negative (Table 1). Fixed specimens consisted of
tissues samples from each of 3 different liver lobes. Frozen tissues consisted of liver
tumors, the only frozen material available. In the second phase of the study, additional
livers from 25 female and 19 male B¢C;F, mice, none of which were diagnosed as being
H. hepaticus positive based on lack of having any karyomegaly or oval cell hyperplasia,
were analyzed (Ward e al 1994 a,b). These represented all of the frozen liver samples
available from the study in the high dose animals that did not have nonneoplastic liver
lesions. The high dose group female mice were treated with 1000 mg/kg and the male
micewereu'eatedwichOOOmg/kg(TablesZ&S).

Histology. Liver which had been fixed in neutral bufered 10% formalin and processed by
standard methods and embedded in paraffin, were sectioned at 5um and stained with
hematoxylin and eosin (H&E) and Warthin Starry stain. The liver tissues were examined
for histological changes and presence of H. hepaticus.

- H. hepaticus culture: Methods to isolate H. hepaticus utilized procedures developed in
our laboratory (Fox et al 1994; Foltz et al 1995). H. hepaticus were isolated from livers
by streaking liver homogenates onto TVP (Trimethoprim sulfa, Vancomycin, Polymyxin)



blood agar plates (Remel Labs, Lenexa, Kans.) and incubating at 37°C under
microanaerobic conditions (GasPak system; BBL Microbiology Systems, Cockeysville,
MD). Helicobacter hepaticus were characterized by typical colony morphology, Gram
stain reaction, and urease, catalase and oxidase activity as previously described (Foltz et
al 1995; Fox et al 1994). Cultures were held for 3 weeks to verify negative status.

PCR: Analysis of frozen liver specimens or bacterial culture by PCR followed protocols
previously described and published (Shames et al 1995). Briefly, DNA was extracted
from frozen mouse liver tissue. Approximately 15 mg of tissue were homogenized to
uniformity using a plastic, microcentrifuge adapted pestle. Tissue or bacterial culture
were then processed using the Rapid Prep Genomic DNA kit as outlined by the
manufacturer (Pharmacia Biotech, Piscataway, NJ). DNA pellets were dissolved in 100
ul ddH,0. Forty ul of a 50% chelex 100 solution (Bio-Rad, Hercules, CA) were added.
The samples were incubated at 56°C for 30 min and this procedure was followed by
heating at 94°C for 10 min. The samples were centrifuged at 12,000 rpm for 5 min. The
primer sequences chosen for PCR amplification recognized a region of the 16S tDNA
specific for H. hepaticus. These two oglionucleotides, 5° GCA TTT GAA ACT GTIT
ACT CTG 3’ AND 5’ CTG TTT TCA AGC TCC CC 3’, produced an amplified product
of 417 bp. Twenty pl of the DNA preparation was added to 100 ul (final volume)
reaction mixture containing 1 x Tth polymerase buffer (supplied by the manufacturer but
supplemented with 1M MgCl, to a final concentration of 2. 75 mM), 0.5 uM each of the
two primers, 200 uM each deoxynucleotide, and 200 pg of bovine serum albumin per ml.
Samples were heated at 94°C for 4 min, briefly centrifuged, and cooled to 61°C. At this
time, 3.2 U of Tth polymerase (Pharmacia) and 1.25 U of polymerase enhancer (Perfect
Match, Stratagene, La Jolla, California) were added, followed by an overlay of 100 ul of
mineral oil. The following conditions were used for amplification: denaturation at 94°C
for 1 min, annealing at 61°C for 2 min and elongation at 72°C for 2 min. A total of 35
cycles were performed and were followed by an elongation step of 7 min at 72°C. A 10
to 15 pl aliquot of the sample was then electrophoresed through a 6% Visigel separation



matrix (Stratagene); this was followed by ethidium bromide staining and viewing by UV
illumination.

Immunofluorescence staining of mouse livers: Livers from 19 male mice and from 25
female mice were processed for immunofluorescence staining using polyclonal H.
hepaticus rabbit antisera. Tissue sections were deparaffinized and rehydrated through
Xylene and ethanol to water. The slides were incubated with 0.05% pronase (Sigma
P5147) for 30 min at 37°C and washed with PBS for 5 min. The tissue sections were
covered with either rabbit preimmune serum or postimmune serum to H. hepaticus whole
cell sonicate extract (both 1:100 in PBS) and incubated for 60 min at 37°C in a humid
atmosphere. Slides were then washed twice in PBS (5 min each time) incubated for 30
min with anti-rabbit IgG-fluorescein isothiocyanate conjugate (1:50 in PBS; Sigma
FO511) at 37°C, and rinsed in PBS for 5 min. The slides were mounted with coverslips
and sealed with buffered glycerol. Slides were examined with a Zeiss fluorescence

microscope.

RESULTS

Histology: In the first phase of the study, organisms compatible with H. hepaticus were
seen in 6 of the 7 mice analyzed (Table 1). Although a female mouse with adenoma in
the liver did not have definite H. hepaticus observed, nor karyomegaly or oval cell
hyperplasia, the liver was positive for H. hepaticus by culture and PCR.

In addition, evaluation of livers by H & E histology in the second phase of the study did
not indicate presence of karyomegaly or oval cell hyperplasia in any sample analyzed
(See Appendix I for individual pathologists’ reports). Warthin Starry stain of liver
specimens in the second phase of the study were analyzed by 2 boarded pathologists.
There was poor correlation of results not only between the two pathologists but also with
results obtained by culture, PCR, and FA (Tables 2 & 3).



H. hepaticus culture: In the initial pilot study, all 5 mice were positive for H. hepaticus
by culture. Organisms were Gram negative, motile and measured 1.5 to 5 pm long and
0.2 t0 0.3 pm wide. The bacteria were oxidase, catalase, and strongly urease positive
(Table 1).

Mouse liver tumor specimens from the additional mice surveyed were also positive by
culture, but at a lower prevalence; 7/25 (28%) of the female mice had H. hepaticus
recovered from their livers whereas 7/19 (36.8%) of the males livers were H. hepaticus
" positive by culture (Tables 2 & 3).

PCR: In the initial screen, DNA from all 5 H. hepaticus strains amplified a PCR product
specific for H. hepaticus (Table 1). In the second phase of the study of the 25 female
livefs, 12 livers were positive for H. hepaticus specific PCR products for an overall
evidence of 48%. Ten of 19 (52.6%) male livers had H. hepaticus specific DNA PCR
products amplified (Tables 2 & 3).

Fluorescent Antibody Assay: The FA assay correlated with culture in 58% (14/25) of
the female mice and 63% (16/19) of the male mice. Comparison of FA with PCR yielded
comparable results, 68% (19/25) in females and 63% (12/19) in male mice.

DISCUSSION

Based on a combination of both culture and PCR analysis, H. hepaticus was identified in
all frozen liver tumor samples from the initial survey and from a significant number,
12/25 (48%) and 10/19 (52.6%) in female and male B4C,F, mice respectively in the
second phase of the study. The results of the study clearly demonstrate that even though
the mice from the second phase did not have any karyomegaly or oval cell hyperplasia,
they were infected with H. hepaticus. Additionally, the analysis was obtained on a single
sample of oncogenic tissue which was not representative of the liver as a whole. The
criteria relying solely on the presence of the histopathological features for a presumptive
diagnosis of H. hepaticus are not reliable and should not be used as definitive indicators



of presence or absence of H. hepaticus in both female and male B;C;F,. These features
had been used previously as indicators of H. hepaticus infection in A/JCr male mice, but
these evaluations were based on histological criteria only and were not verified by either
culture or PCR testing (Ward e al 1994 a,b). Based on a longitudinal study of H.
hepaticus in A/JCr mice, H. hepaticus efficiently colonizes the cecum and colon of
virtually 100% of the mice on a persistent basis (Fox et al in press). Thus, it is likely that .
a high percentage of the B;C,F, mice were also persistently infected throughout the 2

year study.

An assessment of H. hepaticus infection in livers of 44 mice by several diagnostic
methods - 1) Culture; 2) PCR; 3) Fluorescent labeled IgG H. hepaticus polyclonal
antibody and 4) evaluation of livers for H. hepaticus by Warthin Starry stain indicated
that a positive correlation of culture and PCR results occurred in 80% (20/25) and 84%
(16/19) of female and male mice respectively. Reliability of the two other diagnostic
assays varied and was not considered predictative of H. hepaticus infection in the livers
examined. Comparing culture and PCR, with culture results of H. hepaticus serving as
the gold standard, the sensitivity and specificity in female mice was 100% and 72%
respectively. In male mice, the sensitivity was also 100% and the specificity was 75%.
More detailed culture of several lobes of liver would most likely raise the specificity of
the test.

Our culture and PCR data strongly supports the hypothesis that the hepatitis, including
oval cell hyperplasia and hepatic karyomegaly, i.e. non neoplastic liver lesions in 18% to
34% of the male mice in all groups, including controls, was the result of H. hepaticus
infection. This finding is consistent with earlier observations in A/JCr infected with H.
hepaticus (Ward et al 1994; Fox et al in press). Furthermore, our findings of H.
hepaticus in B¢C;F, mice with and without these ‘characteristic’ nonneoplastic lesions
indicate that the presence of H. hepaticus complicated interpretation of the relationship of
triethanolamine with liver neoplasia in both male and female mice. In summary, one
cannot conclude any evidence of carcinogenic activity of triethanolamine in either male



or female B4C;F, because of the confounding of H. hepaticus infection in the mice on this
study.

Longitudinal studies recently completed in our laboratory indicate that BrdU labeling of
hepatocytes is statistically higher in 10-13 month old A/JCr male and female H. hepaticus
infected mice when compared to age matched A/J not infected with H. hepaticus (Fox et
al in press). H. hepaticus, by causing proliferation of hepatocytes may have a promoting
effect and enhance tumorigenesis by certain compounds. Potential mechanisms
responsible for H. hepaticus pathogenesis and oncogenic potential, and interactions with
chemicals targeting the liver require further study.
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TABLE 2

H. hepaticus in C4C3F, Mice, NTP Triethanolamine Study

Females
H. k by Histology H. h. by fluorescent H. h. by culture or PCR
antibody
ACCH ID# #1 #2 FA C PCR
95-5449 421 - - + + +
95-5450 424 - - - + +
95-5451 425 - - - - +
95-5452 426 + - - - -
95-5453 429 - - - - -
95-5454 430 - - + - +
95-5455 431 +/- - - - -
95-5456 432 - - - - -
95-5457 437 - - - - -
95-5458 439 - - + - +
95-5459 440 - - - - -
95-5460 442 - - - - -
95-5461 443 +/- - + - -
95-5462 445 +- - - - -
95-5463 449 + - - - -
95-5464 450 + - - + +
95-5465 451 + - + - -
195-5466 453 - - - - +
95-5467 459 +/- - - + +
95-5468 465 +/- - + - -
95-5469 466 - - - + +
95-5470 471 - + - - -
95-5471 472 - - + + +
95-5472 475 - - ‘ - - -
95-5473 477 + - + + +

#1 = Pathologist #1 - Presence or absence of H. hepaticus based on Warthin-Starry stain.
#2 = Pathologist #2 - Presence or absence of H. hepaticus based on Warthin-Starry stain.
FA = H. hepaticus fluorescent antibody assay.

C = Culture.

PCR = Polymerase chain reaction.

11



TABLE 3

H. hepaticus in C6C3F; Mice, NTP Triethanolamine Study

Males
H. k by Histology H. k. by fluorescent H, 4, by culture or PCR
antibody
ACC.# ID# #1 #2 FA C PCR
95-5474 185 - - - - -
95-5475 188 - - + - -
95-5476 190 - - + - -
. 95-5477 195 + - - -
95-5478 197 + - + - +
95-5479 199 - - - - -
95-5480 200 - - + + +
95-5481 201 + + - + +
95-5482 203 + + + + +
95-5483 211 - - - - -
95-5484 212 + - + - -
95-5485 213 + - - - -
95-5486 215 - + + +
95-5487 220 - - - - -
7955488 224 + - - + +
95-5489 230 + + + + +
95-5490 232 + - - - +
95-5491 234 + - - - +
95-5492 235 + + + +

#1 = Pathologist #1 - Presence or absence of H. hepaticus based on Warthin-Starry stain,
#2 = Pathologist #2 - Presence or absence of H. hepaticus based on Warthin-Starry stain.
FA = H hepaticus fluorescent antibody assay.

C = Culture.

PCR = Polymerase chain reaction.

12



Appendix I

Research#: CMA Investiggtor: Fox/Seely Pathologist:  Li
Research Title: H. hepaticus in Batelle Mice Date: 12/26/95
Account Charge#: CMA Prosector: Batelle

Groyp#: 2

Species: Mice Strain: ? Sex: M/F Age: Body Weight:

Pertinent Information: Tissue cassette fixed in formalin sent to Dr. Fox. One cassette was submitted per animal, with two pieces of
liver in each cassette. The animals were treated with triethanolamine.

Accession# Sex ID#  Frozen ID# Triethanolamine Gross Findings

95-5449 F 421 BC585 1000 mg/kg No significant lesions.
95-5450 F 424 BC878 1000 mg/kg No significant lesions.
95-5451 F 425 BC636 1000 mg/kg No significant lesions.
95-5452 .F 426 BC667 1000 mg/kg No significant lesions.
95-5453 F 429 BC820 1000 mg/kg No significant lesions.
95-5454 F 430 BC694 1000 mg/kg No significant lesions.
95-5455 -F 431 BC853 1000 mg/kg No significant lesions.
95-5456 F 432 BC862 1000 mg/kg No significant lesions.
95-5457 F 437 BC901 1000 mg/kg No significant lesions.
95-5458 F 439 BC593 1000 mg/kg No significant lesions.
95-5459 F 440 BCS92 1000 mg/kg No significant lesions.
95-5460 F 442  BC807 1000 mg/kg No significant lesions.
95-5461 F 443 BC884 1000 mg/kg No significant lesions.
95-5462 F 445 BC751 1000 mg/kg No significant lesions.
95-5463 F 449 BC843 1000 mg/kg No significant lesions.
95-5464 F 450 BC718 1000 mg/kg Irregular capsular contours of both pieces.
95-5465 ‘F 451 BC754 1000 mg/kg No significant lesions.
95-5466 F 453 BC677 1000 mg/kg No significant lesions.
95-5467 F ' 45 BC762 1000 mg/kg No significant lesions.
95-5468 ‘F 465 BC837 1000 mg/kg No significant lesions.
95-5469 -F 466 BC893 1000 mg/kg No significant lesions.
95-5470 F 471 BC851 1000 mg/kg No significant lesions.
95-5471 -F 472 BC778 1000 mg/kg No significant lesions.
95-5472 °F 475 BC630 1000 mg/kg No significant lesions.
95-5473 F 477 BC841 1000 mg/kg One nodule in one, two in other lobes.
95-5474 M 185 BC844 2000 mg/kg No significant lesions.
95-5475 M 188 BC698 2000 mg/kg No significant lesions.
95-5476 M 190  BC640 2000 mg/kg No significant lesions.
95-5477 M 195 BC629 2000 mg/kg No significant lesions.
95-5478 M 197 BC587 2000 mg/kg Irregular capsular contusion both lobes.
95-5479 M 199  BC726 . 2000 mg/kg No significant lesions.
95-5480 M 200 BC705 2000 mg/kg Irregular capsular contusion both lobes.
95-5481 M 201 BC731 2000 mg/kg No significant lesions.
95-5482 M 203 BC846 2000 mg/kg Nodule in one lobe.
95-5483 ° M 211 BC763 2000 mg/kg No significant lesions.
95-5484 M 212 BC700 2000 mg/kg No significant lesions.
95-5485 M 213 BC3805 2000 mg/kg No significant lesions.
95-5486 M 215 BC670 2000 mg/kg No significant lesions.
95-5487 M 220 BC661 2000 mg/kg No significant lesions. 7(
95-5488 M 224  BC775 2000 mg/kg No significant lesions.
© 95-5489 M 230 BC788 2000 mg/kg No significant lesions.




R95-5449-5488

95-5490 M 232 BC749 2000 mg/kg No significant lesions.

95-5491 M 234 BC639 2000 mg/kg Irregular capsular contour in one lobe.
95-5492 M 235 BC716 2000 mg/kg No significant lesions.
Histopathologic Observations:

95-5449

Liver; No significant lesions (a few tiny foci of mononuclear cell infiltration). Warthin-Starry stain revealed no Helicobacters in
bile canaliculi.

95-5450

Liver: No significant lesions (a few tiny foci of mononuclear cell infiltration). Artifact in Warthin-Starry section makes it difficult
to interpret the presence of organism.

95-5451

Liver: No significant lesions (a few tiny foci of mononuclear cell infiltration). Warthin-Starry revealed no typical Helicobacters in
canaliculi.

95-5452

Liver: A clear cell focus in one lobe. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5453

Liver: No significant lesions. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5454

Liver: No significant lesions. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5455

Liver: No significant lesions. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5456

Liver. Hepatocelluiar carcinoma with sinusoidal dilation filled with blood and hepatocyte hypertrophy in one lobe. Warthin-Starry
revealed no typical Helicobacters in canaliculi. .

95-5457

Liver Leukemia/lymphoma characterized by marked infiltration of lymphoid cells in both lobes. Warthin-Starry revealed no typical
Helicobacters in canaliculi.

95-5458

Liver; No significant lesions. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5459

Liver: Focal hepatocyte hypertrophy. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5460

Liver; No significant lesions. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5461

Liver. Minimal mononuclear cell infiltration in a few portal triads in one lobe. Hepatocytes appear to be hyperplastic in the other
lobe (adenoma?). Stain artifact in Warthin-Starry sections makes it difficult to evaluate the presence of Helicobacters.

95-5462 :

Liver. Minimal mononulcear cell infiltration in a few portal areas and focal hepatocyte necrosis in one lobe. Stain artifact in
Warthin-Starry sections makes it difficult to evaluate the presence of Helicobacters.

95-5463

Liver; No significant lesions. Stain artifact in Warthin-Starry sections makes it difficult to evaluate the presence of Helicobacters.

95-5464

Liver: Focal nodular hyperplasia in both lobes. No significant lesions. Stain artifact in Warthin-Starry sections makes it difficult to
evaluate the presence of Helicobacters.

95-5465 -

Liver: No significant lesions. Stain artifact in Warthin-Starry sections makes it difficult to evaluate the presence of Helicobacters.

95-5466 .

Liver Minimal to mild multifocal mononuclear cell infiltration in the parenchyma and portal triads (leukemia?). Warthin-Starry
revealed no typical Helicobacters in canaliculi.

95-5467

Liver No significant lesions. Warthin-Starry revealed no typical Helicobacters in canalicul. @
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95-5468

Liver: A few tiny foci of hepatocyte degeneration and necrosis with mononuclear cell and neutrophil infiltration in the parenchyma.
Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5469

Liver Two lymphocytic foci around the intralobular bile duct and vein. Warthin-Starry revealed no typical Helicobacters in
canaliculi.

95-5470

Liver; Minimal portal mononuclear cell infiltration. A few H. hepaticus like organisms seen on Warthin-Starry sections.

95-5471 )

Liver. Nodular hyperplasia/adenoma/carcinoma of hepatocytes in both lobes. Stain artifact in Warthin-Starry sections makes it
difficult to evaluate the presence of Helicobacters.

95-5472 :

Liver: Nodular hyperplasia and minimal mononuclear cell infiltration in a few portal areas. Warthin-Starry revealed no typical
Helicobacters in canaliculi.

95-5473

Liver: Hepatocyte adenoma/carcinoma and leukemia/lymphoma characterized by marked infiltration of lymphoid cells in both
lobes. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5474

Liver: No significant lesions. Stain artifact in Warthin-Starry sections makes it difficult to evaluate the presence of Helicobacters.

95-5475

Liver: Focal hypatocyte hyperplasia in one lobe. Stain artifact in Warthin-Starry sections makes it difficult to evaluate the presence

" of Helicobacters.

95-5476

Liver: No significant lesions. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5477

Liver: Minimal to mild portal inflammation of mononuclear cells. Numerous H. hepaticus like organisms seen in Warthin-Starry
sections.

95-5478 :

Liver: Nodular hyperplasia/adenoma of hepatocytes. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5479

Liver: No significant lesions. Stain artifact in Warthin-Starry sections makes it difficult to evaluate the presence of Helicobacters.

95-5480

Liver Hepatocellular hyperplasia/adenoma/carcinoma in one lobe. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5481 ) -

Liver: No significant lesions. Many H. hepaticus like organisms seen in Warthin-Starry sections.

95-5482

Liver: Nodular hyperplasia/adenoma and mild periportal hepatitis. Numerous H. hepaticus like organisms seen in Warthin-Starry
sections. .

95-5483 :

Liver: Nodular hyperplasia. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5484

Liver. No significant lesions. Stain artifact in Warthin-Starry sections makes it difficult to evaluate the presence of Helicobacters.

95-5485

Liver: No significant lesions. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5486

Liver: No significant lesions. Many H. hepaticus like organisms seen on Warthin-Starry sections.

95-5487 . .

Live No significant lesions. Warthin-Starry revealed no typical Helicobacters in canaliculi.

95-5488 .

Liver: Focal hepatocyte hyperplasia. Stain artifact in Warthin-Starry sections makes it difficult to evaluate the presence of
Helicobacters.
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95-5489

Liver: Minimal to mild portal and parenchymal infiltration of mononuclear cells. Numerous H. hepaticus like organisms seen in
Warthin-Starry sections.

95-5490

Liver. Minimal portal to parenchymal infiltration of mononuclear cells. Warthin-Starry revealed no typical Helicobacters in
canaliculi.
95-5491

Liver. No significant lesions. Stain artifact in Warthin-Starry sections makes it difficult to evaluate the presence of Helicobacters.
95-5492

Liver: Mild multifocal necrotic hepatitis. Numerous 4. hepaticus like organisms seen in Warthin-Starry sections.

(3/26/96)

Lab Requests: :

()Micro ()Hema ()Sero ()Para ()Urin ( )Clin Chem ()Photos () Specimen Frozen
TISSUE PRESERVATION: ( )Formalin ( )Other Fixative (specify)

( )Freeze -70°C (specify tissues)




Appendix IA

—__ PATHOLOGY
Research#: CMA Investigator:  Fox/Seely Pathologist: Dangjer
Research Title: H. hepaticus in Batelle Mice Date: 12/26/95
Account Charge#: CMA Prosector: Batelle
Groyp#: 2 .
Species: " Mice Strain: ? Sex: M/F Age: Body Weight:

Pertinent Information: Tissue cassette fixed in formalin sent to Dr. Fox. One cassette was submitted per animal, with two pieces of
liver in each cassette. The animals were treated with triethanolamine.

Accession# Sex ID#  Frozen ID# Triethanolamine Gross Findings

95-5449 F 421 BC585 1000 mg/kg No significant lesions.

95-5450 F 424 BC878 1000 mg/kg No significant lesions.

95-5451 F 425 BC636 1000 mg/kg No significant lesions.

95-5452 F 426 BC667 1000 mg/kg No significant lesions.

95-5453 F 429 BC820 1000 mg/kg No significant lesions.

95-5454 F 430 BC694 1000 mg/kg No significant lesions.

95-5455 F 431 BC853 1000 mg/kg No significant lesions.

95-5456 F 432 BC862 1000 mg/kg No significant lesions.

95-5457 F 437 BC901 1000 mg/kg No significant lesions.

95-5458 F 439 BC593 1000 mg/kg No significant lesions.

95-5459 F 440 BC592 1000 mg/kg No significant lesions.

95-5460 F 442  BC807 1000 mg/kg No significant lesions.

95-5461 F 443 BC884 1000 mg/kg No significant lesions.

95-5462 F 445 BC751 1000 mg/kg No significant lesions.

95-5463 F 449 BC843 1000 mg/kg No significant lesions.

95-5464 F 450 BC718 1000 mg/kg Irregular capsular contours of both pieces.
95-5465 F 451 BC754 1000 mg/kg No significent lesions.

95-5466 F 453 BC677 1000 mg/kg No significant lesions.

95-5467 F 459 BC762 1000 mg/kg No significant lesions.

95-5468 F 465 BC837 1000 mg/kg No significant lesions.

95-5469 F 466 BC893 1000 mg/kg No significant lesions.

95-5470 F 47 BC851 1000 mg/kg No significant lesions.

95-5471 F 472 BC778 1000 mg/kg No significant lesions.

95-5472 F 475. BC630 1000 mg/kg No significant lesions.

95-5473 F 477 BC841 1000 mg/kg One nodule in one, two in other lobes.
95-5474 M 185  BC844 2000mgkg  No significant lesions.

95-5475 M 188 BC698 2000 mg/kg No significant lesions.

95-5476 M 190 BC640 2000 mg/kg No significant lesions.

95-5477 M 195 BC629 2000 mg/kg . No significant lesions.

95-5478 M 197 BC587 2000 mg/kg Irregular capsular contusion both lobes.
95-5479 M 199 BC726 2000 mg/kg No significant lesions.

95-5480 M 200 BC705 2000 mg/kg Irregular capsular contusion both lobes.
95-5481 M 201 BC731 = 2000 mg/kg No significant lesions.

95-5482 M 203 BC846 2000 mg/kg Nodule in one lobe.

95-5483 M 211 BC763 2000 mg/kg No significant lesions.

95-5484 M 212 BC700 2000 mg/kg No significant lesions.

95-5485 M 213 BC805 2000 mg/kg No significant lesions.

95-5486 M 215 BC670 2000 mg/kg No significant lesions.

95-5487 M 220 BC661 2000 mg/kg No significant lesions.

95-5488 M 224 BC775 2000 mg/kg No significant lesions.

95-5489 M 230 BC788 2000 mg/kg No significant lesions.

95-5490 M 232 BC749 2000 mg/kg No significant lesions.

95-5491 M 234 BC639 2000 mg/kg Irregular capsular contour in one lobe.
95-5492 M 235  BCT716 2000 mg/kg No significant lesions.
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Histopathologic Observations:

95-5449

Liver. A few minute foci of mononuclear cell infiltration. Nodular hyperplasia/adenoma of hepatocytes (WS). Warthin Starry
positive bodies compatible with H. hepaticus were not identified.

95-5450

Liver; A few minute foci of mononuclear cell infiltration. Nodular hyperplasia/adenoma of hepatocytes (WS). Warthin Starry
positive bodies compatible with H. hepaticus were not identified.

95-5451 .

Liver: A few tiny foci of mononuclear cell infiltration. Warthin Starry positive bodies compatible with H. hepaticus were not
identified.

95-5452

Liver. A clear cell focus in one lobe. Warthin-Starry positive bodies compatible with H. hepaticus were identified infrequently.

95-5453

Liver: No significant lesions. Warthin Starry positive bodies compatible with H. hepaticus were not identified.

© 95-5454

Liver: No significant lesions. Warthin Starry positive bodies compatible with H. hepaticus were not identified.

95-5455

Liver: No significant lesions. Warthin-Starry positive bodies compatible with A, hepaticus were identified infrequently.

95-5456

Liver: Focal peliosis hepatis characterized by sinusoidal dilation filled with blood and hepatocyte hypertrophy in one lobe, Warthin
Starry positive bodies compatible with H. hepaticus were not identified.

95-5457

Liver Leukemia/lymphoma characterized by marked infiltration of lymphoid cells in both lobes, Warthin Starry positive bodies
compatible with H. hepaticus were not identified.

95-5458

Liver; Focal hyperplasia in one lobe. Warthin Starry pesitive bodies compatible with A, hepaticus were not identified.

95-5459

Liver: No significant lesions. Warthin Starry positive bodies compatible with 4. hepaticus were not identified.

95-5460

Liver: Nodular hyperplasia’adenoma of hepatocytes (WS). Warthin Starry positive bodies compatible with H. hepaticus were not
identified.

95-5461

Liver: Minimal mononuclear cell infiltration in a few portal triads in one lobe. Nodular hyperplasia/adenoma of hepatocytes (WS).
Warthin-Starry positive bodies compatible with H. hepaticus were identified infrequently.

95-5462

Livet Minimal mononuclear cell infiltration in a few portal areas. Warthin-Starry positive bodies compatible with H. hepaticus
were identified infrequently.

95-5463 :

Liver Nodular hyperplasia/adenoma of hepatocytes (WS). Warthin-Starry positive bodies compatible with H. hepaticus were
identified frequently.

95-5464

Liver. Nodular hyperplasia/adenoma of hepatocytes (WS). Warthin-Starry positive bodies compatible with H. hepaticus were
identified frequently.

95-5465 i

Liver: No significant lesions. Warthin-Starry positive bodies compatible with H. hepaticus were identified frequently.

95-5466

Liver Minimal to mild multifocal mononuclear cell infiltration in the parenchyma and portal triads (leukemia?). Warthin Starry
positive bodies compatible with H. hepaticus were not identified.

95-5467 .

Liver; ' No significant lesions. Warthin-Starry positive bodies compatible with . hepaticus were identified infrequently.

95-5468

Liver: A few minute foci of hepatocyte degeneration and necrosis with mononuclear cell and neutrophil infiltration in the
parenchyma. Nodular hyperplasia/adenoma of hepatocytes in one lobe (WS). Warthin-Starry positive bodies compatible with
H. hepaticus were identified infrequently.
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95-5469

Liver. Two lymphocytic foci around the intralobular bile duct and vein. Warthin Starry positive bodies compatible with H.
hepaticus were not identified.

95-5470

Liver: No significant lesions. Warthin Starry positive bodies compatible with H. hepaticus were not identified.

95-5471

Liver: Nodular hyperplasia/adenoma of hepatocytes in one lobe. Warthin Starry positive bodies compatible with H. hepaticus were
not identified.

95-5472 .

Liver: Minimal mononuclear cell infiltration in a few portal areas. Warthin Starry positive bodies compatible with H. hepaticus
were not identified.

95-5473

Liver: Leukemia/lymphoma characterized by marked infiltration of lymphoid cells in both lobes. Nodular hyperplasia/adenoma of
hepatocytes with vacuolation (clear cell) in one lobe (WS). Warthin-Starry positive bodies compatible with H. hepaticus
were identified frequently.

95-5474

Liver: No significant lesions. Warthin Starry positive bodies compatible with H. hepaticus were not identified.

95-5475

Liver: Nodular hyperplasia/adenoma of hepatocytes in one lobe. Warthin Starry positive bodies compatible with H. hepaticus were
not identified.

95-5476

Liver. No significant lesions. Warthin Starry positive bodies compatible with H. hepaticus were not identified.

95-5477

Liver: No significant lesions. Warthin-Starry positive bodies compatible with 5. hepaticus were identified in moderate numbers.

95-5478

Liver: Nodular hyperplasia/adenoma of hepatocytes. Warthin-Starry positive bodies compatible with H. hepaticus were identified in
moderate numbers. .

95-5479

Liver: No significant lesions. Warthin Starry positive bodies compatible with H. hepaticus were not identified.

95-5480 .

Liver: Nodular hyperplasia/adenoma of hepatocytes. Warthin Starry positive bodies compatible with 4. hepaticus were not
identified.

95-5481

Liver: No significant lesions. Warthin-Starry positive bodies compatible with H. hepaticus were identified in moderate numbers.

95-5482

Liver: Nodular hyperplasia/adenoma of hepatocytes. Warthin-Starry positive bodies compatible with H. hepaticus were identified
frequently.

95-5483 : :

Liver. Nodular hyperplasia/adenoma of hepatocytes. Warthin-Starry positive bodies compatible with H. hepaticus were not
identified.

95-5484

Liver: No significant lesions. Warthin-Starry positive bodies compatible with H. hepaticus were identified frequently.

95-5485 -

Liver. No significant lesions. Warthin-Starry positive bodies compatible with . hepaticus were identified frequently.

95-5486

Liver: No significant lesions. Warthin Starry positive bodies compatible with H. hepaticus were not identified.

95-5487

Liver: No significant lesions. Warthin Starry positive bodies compatible with . hepaticus were not identified.

95-5488

Liver: No significant lesions. Warthin-Starry positive bodies compatible with H. hepaticus were identified frequently.

95-5489

. Liver. No significant lesions. Warthin-Starry positive bodies compatible with H. hepaticus were identified frequently.

95-5490

Liver. No significant lesions. Warthin-Starry positive bodies compatible with H. hepaticus were identified frequently.
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95-5491

Liver: No significant lesions. Warthin-Starry positive bodies compatible with H. hepaticus were identified infrequently.

95-5492

Liver: Nodular hyperplasia/adenoma of hepatocytes. Warthin-Starry positive bodies compatible with H. hepaticus were identified
frequently. )

(3/25/96) db
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AN ASSESSMENT OF NTP’S CONCLUSION THAT
TRIETHANOLAMINE CAUSES AN EQUIVOCAL INCREASE IN
KIDNEY TUMORS IN MALE FISCHER RATS

BACKGROUND: The draft NTP Technical Report on the Toxicology and
Carcinogenesis Studies of Triethanolamine concludes that treatment with
triethanolamine caused an equivocal increase in adenomas in the kidneys of male
Fischer rats. The original evaluation of single sections from each kidney showed a
borderline increase (p=0.056) in adenomas in the mid-dose group, (63 mg/kg), but not
in any other treatment group including the high-dose group, (125 mg/kg). A trend test
did not show a treatment-related increase in kidney tumors. Because of the marginal
nature of the findings, 8 additional step-sections from each male rat were evaluated, 4
from each kidney. Step-sections did not show an increase in either kidney adenomas
or hyperplasias in triethanolamine-treated groups. The purpose of this work was to
further evaluate the findings to determine if they were in fact consistent with a
treatment-related effect, and to determine if NTP’s evaluation was consistent with
NTP’s evaluation of other substances where multiple-section techniques were utilized.

APPROACH: The work was divided into three parts. A) Dr. James Swenberg
conducted a microscopic reevaluation of proliferative lesions in kidneys of male rats
included in the NTP study. The objective was to determine if classification of the
lesions was straightforward and could be made easily and consistently. B) In order to
determine if there was statistical support for a treatment-related effect, additional
statistical analyses of the histopathologic data in the draft NTP report, as well as an
assessment of the diagnoses from the reevaluation by Dr. Swenberg, were conducted.
C) Finally, NTP’s assessment of triethanolamine was compared to NTP’s assessment
of other substances for which extra step-sections from male rat kidneys were used to

arrive at a final conclusion about their oncogenic potential.



SUMMARY OF KEY FINDINGS AND CONCLUSIONS

1)  The proliferative lesion in the male rat kidney is part of a continuum
that ranges from mild hyperplasia to at the most extreme, very small
adenomas.

2)  In many instances it is very difficult to distinguish between severe
hyperplasia and adenoma. There are three such cases in the mid-dose
group (63 mg/kg triethanolamine), the highest number in any group.

3)  The difficulty in making a definitive diagnosis is not mentioned in the
draft report, however it is clearly evident from the pathology records. The
initial study pathologist only diagnosed 1 of the 7 adenomas that were
ultimately reported in the original kidney sections. In other instances, it is
so difficult to distinguish between severe hyperplasia and a small adenoma,
that subsequent evaluations changed the original diagnosis. For example,
a step-section from animal 073 in the low-dose group, diagnosed as having
an adenoma by the initial pathologist, was confirmed as an adenoma by the
NIEHS pathologist but the Pathology Working Group changed the
diagnosis to hyperplasia; only the latter diagnosis was included in the draft
final report. Dr. Swenberg diagnosed this lesion as an adenoma, in
agreement with the initial diagnoses.

4)  Step-sections consisting of eight additional sections from each animal
did not confirm the slightly higher number of adénomas in the mid-dose
group that were originally found. This is the group suspected by NTP as
having the oncogenic response.

5)  Only two small adenomas were found in the 392 kidney step-section
evaluations of the mid-dose triethanolamine male rats. Dr. Swenberg
diagnosed both of these lesions in the mid-dose group to be hyperplasias not
adenomas. T

6)  There were fewer hyperplasias in step-sections from treated animals
compared to controls. ‘



SUMMARY OF KEY FINDINGS AND CONCLUSIONS

7)  Because of the difficulty in making a definitive diagnosis, and because
the lesions are a part of a continuum, proliferative lesions (hyperplasias and
adenomas) should be combined when evaluated for treatment-related
effect. When proliferative lesions are combined and considered together,
no treatment-related effect is even suggested.

8)  There is no statistically significant treatment-related trend for
adenoma, hyperplasia or combined proliferative lesions in either step or
single sections.

9)  Step-section kidney tumor results are statistically different from the
single section results. More importantly, the incidence of kidney adenomas
in the mid-dose group (63mg/kg) from single sections is statistically
different from the incidence of tumors in step-sections.

10) The combined step and single section data in the triethanolamine
treated groups fall within the range of the historical control data from 13
studies where step sections were evaluated from male rat kidneys.

11)  Other substances that NTP concluded to be equivocal for increasing
kidney tumors in male rats all showed a small increase in kidney tumors in

step-sections from treated groups compared to controls. Triethanolamine
did not.

12) The data on triethanolamine are quite similar to that of toluene, a
compound that NTP concluded did not cause an increase in tumors in male
rat kidneys because the slight increase in kidney tumors observed in the
original sections were not found in the step-sections.
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RESULTS

A) EVALUATION OF PROLIFERATIVE LESIONS IN KIDNEYS OF MALE
RATS IN THE CHRONIC STUDY OF TRIETHANOLAMINE

Dr. James Swenberg visited the NTP archives and was able to look at 28 of the male
rat kidney sections in which proliferative lesions were diagnosed in both the original
sections and additional step-sections. A copy of his report is included under
Attachment 1. Although there was reasonably good agreement between his diagnoses
and the final diagnoses in the study draft report, there are several new important
findings and conclusions. Most significant is the fact that the lesions are extremely
small, represent a continuum between hyperplasia and small adenoma and are
extremely difficult to differentiate in many cases. Because of these difficulties, Dr.
Swenberg recommended that the proliferative lesions should be combined in order to
evaluate treatment-related effects. When combined, the incidence of proliferative
lesions is 10/50 for controls, 9/50 for the low dose, 11/49 for the mid dose and 8/50 for
the high dose groups.

The Pathology Working Group Evaluation of the Selected Proliferative Lesions in the
NTP 2-Year Rat Bioassay on Triethanolamine is included in Attachment 2. It clearly
shows the difficultly in distinguishing hyperplasia from adenoma because of the number
of changes in classification between these two lesions.

Tables of the Diagnoses of Proliferative Lesions in the NTP 2-Year Rat Bioassay on
. Triethanolamine are included in Attachment 3. Summarized are the resuits reported in
the Draft NTP Technical Report on the Toxicology and Carcinogenesis Studies of
Triethanolamine for hyperplasia, adenomas and total proliferative lesions. Evident is
the lack of any treatment-related effect when proliferative lesions are evaluated
together. Also shown, are Dr. Swenberg’s evaluations, which differ most significantly
from NTP’s in that Dr. Swenberg found no additional adenomas in any of the step-
sections in the mid-dose animals. Included also are stmmaries of the individual

diagnoses of the proliferative lesions for each group of male rats in the triethanolamine
study. ‘



B) FURTHER STATISTICAL ANALYSES OF THE INCIDENCE OF
HYPERPLASTIC AND NEOPLASTIC LESIONS IN THE KIDNEY OF MALE
RATS FROM THE NTP TRIETHANOLAMINE (TEA) DERMAL STUDY

Further statistical analyses of the hyperplastic and neoplastic lesion data from the
kidneys of male rats in the NTP triethanolamine study were conducted by L.G.
McFadden; her report is included in Attachment 4. A statistically significant difference
in the incidence of adenomas in the original sections compared to the incidence of
adenomas in the step-sections was observed. In other words, the original single section
and step-section data are statistically different and the incidence of adenomas originally
observed is not the same as that observed in the step-sections. The incidence of
adenomas in the mid-dose group ( 63 mg/kg/day) showed a similar statistical difference
between the original single sections and the additional step-sections. The purpose of
conducting step-sectioning is to help determine whether a marginal increase is really
treatment-related, rather than a random occurrence by assessing many more specimens.
Step-sections failed to show an increase in adenomas in triethanolamine treated groups.
In fact, the incidence of hyperplasias in the control animals is higher than that in the
treated groups in step-section specimens.

Dr. Swenberg concluded that two of the lesions in the mid-dose group that were
classified as adenomas in the draft NTP report were hyperplasias. Swenberg’s data for
adenomas from single and step sections in the mid dose group, the group that NTP
believed to be affected by treatment, did not approach significance (p=0.175).

All trend tests for adenomas, hyperplasias, and combined proliferative lesions in the
original and step-section data were not significant. This was true for the NTP and -
Swenberg data sets and further supports the lack of any treatment-related effect.

C) REVIEW OF NTP STUDIES IN WHICH STEP-SECTIONS OF KIDNEYS
FROM MALE FISCHER RATS WERE EVALUATED TO DETERMINE THEIR
ONCOGENIC POTENTIAL.

In a recent review of 379 carcinogenicity studies in rodents conducted by the National
Cancer Institute and the National Toxicology Program, the kidneys were the third most
frequent site for chemical-related neoplasia (Huff, 1991). While many compounds
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produced large increuses in the incidences of renal neoplasms, some compounds

produced marginal increases that made definitive conclusions about their oncogenic
activity difficult. To help NTP in their interpretation, multiple step-sections were
evaluated histopathologically.

Eustis et al. (1994) summarized 13 chronic NTP studies in which multiple step-sections
of male rat kidneys were evaluated in order to determine if the treatment was the cause
of the very slight increase in the incidence of proliferative lesions observed in the
original pathological assessment of one section from each kidney. Multiple-sections
involved obtaining an additional 6-8 sections at 1 mm intervals from each rat kidney.
While the incidence of kidney tumors in the original sections in control male rat kidneys
from the 13 studies ranged from 0 to 2%, when mulitiple sections were evaluated the
incidence of kidney tumors ranged from 0 to 16%. The mean incidence of proliferative
lesions was markedly higher in multiple section evaluation of control kidneys:
hyperplasias increased 177%, adenomas increased 621% and the incidence of total
kidney tumors (adenomas + carcinomas) increased 500%. This pattern of a dramatic
increase in the incidence of kidney proliferative lesions, however, was not found in the
triethanolamine study. In the mid-dose group, the group with the highest incidence of
tumors and the one NTP was concerned showed a possible treatment-related increase
in tumors, the incidence of hyperplasias was 8% in the single sections and 12% after
multiple sections. Dr. Swenberg’s evaluation was identical for single or muitiple
sections (8%). These results appear consistent with the conclusion that the higher
incidence of tumors in the triethanolamine study were a chance occurrence in the
original evaluation, since multiple sections failed to confirm the occurrence of
additional tumors.

In the 13 studies in which NTP analyzed multiple sections, 9 substances were clearly
shown to give a significant number of additional kidney tumors and were concluded to
have some evidence of oncogenicity. Three compounds, phenylbutazone, furosemide,
and CI Pigment Red 23, were classified as equivocal after the extended evaluation. All
three had at least a slight increase in kidney tumors that was apparent in both the
original and extended evaluation (see Table 1). In addition, this increase was
statistically significant in the low-dose phenylbutazone group. Both furosemide and CI
Pigment Red 23 had an increase in the incidence of hyperplastic lesions in the high
‘dosage group. In contrast, the extended evaluations of triethanolamine showed a
similar incidence of adenomas across all groups and more hyperplastic lesions in the
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controls than in the high dosage group. These results are similer to those for toluene,
the only compound NTP concluded to be negative after evaluation of extended sections
of kidney from male rats. The incidence of hyperplasia and adenomas in the kidneys
of toluene-treated male rats was similar to the controls. It is not clear what criteria are
being used by NTP to classify studies when additional step-sections are obtained in
order to resolve difficulties in interpretation. Step sectioning is conducted to provide
the additional data and should be utilized consistently.
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Introduction

I was asked to visit the National Toxicology Program Archives in Rescarch Triangle Park,
NC to review the kidney slides of the 2-year rat carcinogenicity bioassay on tricthanolamine (NTP
Technical Report No. 449) that were identified as having either renal adenoma or hyperplasia, and
to evaluate the kidney slides from male rats in the associated 13-week study for the presence of
lesions compatible with alphay,-globulin nephropathy. The visit took place on June 21, 1995, and
the results are reported below. .

Results

Table 1 provides data on the diagnoses of the original sections from the 2-year rat study on
triethanolamine for the study pathologist, QA pathologist, PWG pathologist, PWG consensus, as well
as mine. The most striking feature of this table is the fact that the original pathologist only diagnosed
one renal adenoma out of the 7 that were ultimately identified by the PWG. The QA pathologist
identified two additonal adenomas, although since the kidney had not been identified as a tatget
tissue, not all kidney sections were examined. After this, the kidney was identified as a possible target
tissue and the PWG Chairperson was asked to re-examine all male and female kidneys for
proliferative lesions. It should not be surprising therefore, that the the PWG identified more kidney
tumors than the QA pathologist. The fact that the original pathologist only identified one of the 7
adenomas atests to the small size of the lesions. In fact, there is no clear distinction between the
larger hyperplasias and the smaller adenomas. Thus, it is reasonable to consider these two diagnoses
as a continuum and to add the total number of such lesions when evaluating the evidence for a dose-
response relationship between exposure and the induction of renal preneoplastic and neoplastic
lesions. Case 88, a low dose male, had a very early lesion that was called hyperplasia by the PWG
Chairperson and nephropathy by the PWG. I agreed with the PWG Chairperson. Rat 130, a middle
dose male, had very similar lesion. Diagnoses on the original slides were the only material that was
suitable for comparison to historical controls, due to the number of sections being evaluated.

Table 2 shows the diagnoses on the additional step sections of male rat kidneys. This table
includes the diagnoses of the initial reviewer from Pathco, the NTP internal reviewer, the second
PWG consensus, and my diagnoses. There was good agreement between the various reviewers.
However, it is also clear that the lesions represent a continuum from hyperplasia to microscopic
adenoma. I have put an asterick by the 8 cases that could either be diagnosed as severe hyperplasia
or adenoma. This clearly suggests that the best interpretation of the study is achieved by combining
hyperplasia and adenoma. When this is done for the 24 month study, the incidence of renal
proliferative lesions is 10/50 for controls, 9/50 for low dose, 11/49 for the middle dose, and 8/50 for
the high dose male rats. Thus it is clear that there is no exposure-response relationship between
triethanolamine and the induction of proliferative renal lesions.



Table 3 contains the results of my review of the control and high dose male rat kidney sections
from the 13-week study. It is clear that no renal pathology was present. This is in agreement with
NTP Technical Report 449. Thus, there is no evidence for the induction of alpha,,-globulin
nephropathy by triethanolamine.

Discussion

My review of the kidney sections from the NTP studies on triethanolamine is in close
agreement with NTP Technical Report 449. There were no serious disagreements with the diagnoses
used in the report and there was no clear distinction between the larger hyperplasias and the smaller
adenomas. Thus, it is reasonable to consider these two diagnoses as a continuum and to add the total
number of such lesions when evaluating the evidence for a dose-response relationship between
exposure and the induction of renal preneoplastic and neoplastic lesions. When renal hyperplasia and
adenoma were combined for the 24 month study, there were 10/50, 9/50, 11/49 and 8/50 in the
control, low, middle and high dose males. It is clear that Do exposure-response relationship exists
for renal proliferative lesions and triethanolamine.



Table 1. Diagnoses on the original male rat kidney slides from the 2-year triethanolamine bioassay.

Animal Group Study QA PWG PWG J. Swenberg
Path. Path. Chair Final

020 ™M -

NR Hyp2 Hyp2 Hyperplasia-moderate
062 LM - Ad Ad Adenoma, small
088 M - NR Hypl Neph Hyperplasia, mild
123 MM Ad Ad Ad Ad . Adenoma
130 MM - NR  Hypl Hypl Hyperplasia, slight
149 MM - Ad Ad Ad Adenoma
151 MM - NR Ad Ad Adenoma
163 MM - NR Ad Ad Adenoma
196 HM - NR Ad Ad Adenoma
212 - HM - Ad Ad Ad Adenoma and hyperplasia, moderate
Hyp2 Hyp2

Note: Ad is adenoma, NR is Not Reported, Hyp! is slight to mild hyperplasia, while Hyp2 is
moderate hyperplasia. CM, LM, MM, and HM refer to control, low, middle, and high dose males.



Table 2. Diagnoses on the step-section male rat kidney slides from the 2-year triethanolamine
bioassay.

Animal Group Iniial NIEHS PWG J. Swenberg
Path. Path.
021 M Ad Ad Hyp Hyperplasia, severe*
026 M Ad Ad Ad Adenoma
062 M Hyp Hyp Hyp  Hyperplasia, severe*
073 LM Ad Ad Hyp Adenoma, small*
081 LM Hyp Hyp Hyp  Hyperplasia, severe*
088 LM Onc Onc Onc  Oncocytoma, small
110 M Ad Hyp  Hyperplasia, severe*
113 M Ad Ad Hyp Hyperplasia, moderate
Ad Ad Adenoma -
120 LM Ad Byp Hyp Hyperplasia, moderate
Hyperplasia, slight
130 MM - Hyp - Hyperplasia, slight
156 MM Ad& Ad& Ad& Hyperplasia, severe* & hyperplasia, moderate
Hyp  Hyp  Hyp
167 MM - Ad  Ad& Hyperplasia, severe*& hyperplasia, slight &
- Hyp  renal sarcoma, large
170 MM Hyp Hyp Hyp  Hyperplasia, cystic
173 MM Hyp Hyp- Hyp Hyperplasia, severe*
182 HM Ad Ad Hyp  Hyperplasia, moderate
197 HM Ad& Ad& Ad& Adenoma & hyperplasia, moderate (1-2)
Hyp Hyp Hyp  Hyperplasia, slight (2-1)
216" HM Ad Ad Ad  Adenoma

239 HM Ad Ad Ad Adenoma, small

Ad, adenoma; Hyp, hyperplasia (no grade given); ¥, Diagnosis could either be adenoma or
hyperplasia; for animal 197, the numbers in parentheses is the slide number. *, Rat 216 was an interim
sacrifice animal and is not included in the tabulated resuits of the 24 month study.
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Table 3. Histopathologic examination for protein droplets in control and high dose male rats in the
13 week NTP study on tricthanolamine.

Animal Group
11
12
13
14
15
16
17
18
19
20
111
112
| 113
114
115
116 .
117
118
119
120

ZEEEEEEEE5029982898288°¢
EEEEEEEEEEEEEEE R

CM is the control male group; HM 1.s the high dose male group (2.0 g/kg); NVL, no visible lesion
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MRRATIVE

Following the Pathdlogy Working Group neetings of Dec.10, 1992
(vhere predetermined “target organs” were ravieved,) and of
February 9, 1993 (where the "reviewed"” initial kidney slides were..
studied), all kidneys of male rats in the study were rstrieved from
tha wvet tissues and step-sectioned at approximately 0.5 mm
intervals so that four sections of each kidney were obtained. °
These step-sections from- all 239 nale rats in the chronic study
were examined for renal proliferative lesions by Dr. Hildebrandt,
PATHCO (Draft received May 20, 1993).

In July, 1993, Dr. Radovsky at NIEHS further examined

("Quality Assessment”) the kidney step-sections Xidneys as follows:

1.) All sections from rats identified as having
proliferative kidney lesions (hyperplastic and/or necplastic) by
Dr. Hildebrandt ware reviewed:

2.) All sections from the rats identified by the FWG as
having proliferative kidney lesicns were revieved; and

3.) All sections from an arbitrary 108 of the remaining
rats in each treatment group were reviewed. .

The total number of animals in "QA" assessment was 64 of 239 male
rats. ‘

(19/60 control; 17/60 low dose; 30/39 mid-dose; and 1s8/60 high
dose)

In the QA review, and in instructions to the 8pecial PWG, the
following criteria for proliferative lesions of renal tubular
epithelium were used:

Xidney, renal tubule-hyperplasiat: : ‘

-polygonal tubular epithelial ocells with no more than =mila
atypia, either £illing, or in multiple strata, in tubules at least
2 ar 3-times the diameter of normal tubules. Tubule basement
membranes no more than the thickness of one epithelial cell layer.
Masses of tubular epithelium containing a central cavity and
inflammatory cells could represent reaction to tubular inflammation
or central necrosis in a proliferative mass. Cystic, as a modifier
of hyperplasia, wvas mot used because it was not "considered to
contribute any meaningful information. Enlarged tudules layered
with brightly eosinophilic. epithelial cells containing numercus
fine granules (onceecytic hyperplasia), wers not separately
categoriged.

Kidney, resal tubule - adenoma:
= well-circumscribed discrete mass of epithelial cells with no
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more than mild atypia and neither basement membrane dependence or
g;gizlﬁta tubular structure; at least 5X the diameter of normal .
N1leS.

Kianey = oncocytosa, benign:

- wellecircumscribed discrete mass of brightly eosinophilic
apithelial cells containing numerous fine granules, lacking either
dependence on a basenment membrane or definite tubular structure,

Xidney, Teanal tubule = carcinomas: ..

= large-sized (1 cm. dia.) mass of epithelial cells with
increased cellular anaplasia, unorganized growth pattern and
increased vascularity.

A total of 20 microscopic slides from 18 animals vere
presented to the Spacial NTP PWG. “These slides included all
differences of opinion between the PATHCO diagneses and those of
the QA patholegist and included all lesions evaluated either {he

PATHCO or the QA pathologist as neoplastic.

At the Special NTP PWG:

- there was gaeneral agreaement that the use of the modifier
neystic® for hyperplastic lesions of aenlarged tubules was
unnecessary; :

= four renal tubule proliferative lesions previocusly evaluated
as benign necplasms vers evaluated as hyperplastic lesions;

- thare was general agresment that the contimum of renal
tubule proliferative lesions from hyperplasia to benign neoplasia
to malignant necplasia was frtduu and complicated the
categorization of many of the lesions evaluated;

= lesions (evaluated as adenomas), present in two step
sections on the same microscopic slide (slide 1-2 from high dose
male 00197) were considered to respresent a single naoplastic
proliferation. It was noted that rat kidney step-sections are
instructed to be cut at an interval of 1.0 mm between secticns, and
that the 0.5 mm interval used in the. present study was an
arror:

- f£inally, it wvas noted that the hemangiosarcoma present in
sections from one mid-dose male (00167) was not noted in any other
organ and may have been primary in the kidney.

Attached are the following: )

1) Dr. BEildebrandt's (PATHCO) draft reporting his diagnoses of
all step-sectioned .

2) A comparison table of Dr. Hildebrandt's (PATHCO) diagnoses
with those kidnays in the QA review, including notes of the results
of the PWG of the initial Xkidney sections (2/9/93), and of the
present Special NTP PWG of the kidney step-sections (9/3/93).

. 3) The signature page from the present Special NTP PWG.

4) The diagnoses from the present Special NTP PWG,

5) A summary table of the renal tubule proliferative lesions
:g;og;d in the step sections as determined by the present Special
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Triethanolamine (C616218) Rat Xidney Step Sections
Coatrol (0 mg/xg) males

Aninal Slide PATHCO Diagnosis Reviewer Diagnosis

TNPL = No ProliferatIve Leslons of renal tubuies)
00001  All NPL NPL

Comment: Sections had autolysis.
@ 1-1 NPL . NPL

1=-3 NPL NPL
| . 2= Hyperplasia, min. Hyperplasia, min.;
2-2 NPL . NPL
00004 i1e1 NPL NPL
] O 1=-2 Hyperplasia, mild Hyperplasia, mild
a=1 NPL NPL
4 3=2 Hyperplasia, mild Hyperplasia, mild
/ @~ i-1 Hyperplasia, min. Hyperplasia, min
1«2 NPL . NPL
: a-1 NPL - NPL
2-2 Cystic tubule NPL
.",)\ R
“ 00007 / 1-1 Ryperplasia, min. Hyperplasia, min
N i-a NPL NPL
2= NPL NPL
2-2 NPL NPL
S |
1 00035 / 1=1 NPL Hyperplasia, min
‘ 1-2 Hyperplasia, min. Hyperplasia, min.
) 2=1 NPL NPL
Rﬁhs 2-2 NPL KPL
—tats } .
00016 . All NPL NPL

Comment: Sasctions had autolysis.

00020 All NPL
Comment: PNG (2/9/93) ll:l.d- had moderate hypu-phnin, not noted in

these step sections. _ -

00022 1-1 NPL NPL
1-2 NPL NPL
-1 NPL ' NPL
2-2 Tubular adencma Renal tubule, adonm

SPRCIAL NTP PWG (9/3/93) mm LESION ON BLIDE 2-2 AS RENXAL
TUBULE, RYPERPLABIA.
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00028 All NPL NPL
00026 1=1. NPL NPL
1=2 NPL ) NPL
2=1 NPL NPL
2-2 Tubular adencma Renal tubule, adenoma

SPECIAL NTP PWG (9/3/93) COWrIRRAD LESION ON SLIDE 2-2 AS RENAL
TUBULE, ADEBNONA. ..

.00028. . All . KPL . NPL

00032 1=-2 NPL Nesothelioma
1=2 ) NPL Mesothelioma
2=1 NPL Nesothelioma
2=2 Mescthelioma Nesothelioma

00036 All NPL NPL

00044 All NPL NPL

00081 All NPL EPL

@ 1-1 NPL nPL
1-3 NPL RPL

{ . 2-1 Hyperplasia, min. Hyperplasia, min., multiple
=3 NPL ¥PL

00058  All NPL XPL

“00060 1=1 :;gorplnin min., Byperplasia, min
O a1 NPL X T ’ |
2-

RPL
2«2 NPL : RPL
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Triethanclamine (C616213) Rat Xidney Step Ssctions
Low dose (32 mg/kg) males

Animal Slide PATHCO Diagnosis ‘Reviewsr Diagnosis
00061 All NPL NPL
00062 1-1 NPL NPL
=2 NPL o n lasi NPL N
2=1 stic hyperplasia, Renal tubule h{gu-pluia
' 4 moderate nbdo:"h' ' "
-2 NPL NPL

Comment: PWG (2/9/93) slide had an adenoma, not noted in these step
sections. SPECIAL NTP PWG (9/3/93) BVALUATED LESION ON SLIDE 2-1 AS
REMAL TUBULE, KYPRRPLASIA.

00066 A1l NPL NPL
00068 1-1 Hyperplasia, min. Hyperplasia, min.
O 1=-2 Ryperplasia, min, amrpluia: min.
2=-1 NPL NPL .
a-2 NPL . NPL
00073 1-1 NPL NPL
1-2 NPL NPL
2=1 NPL NPL
2-2 Tubular adenoma Renal tubule, adencma

SPECIAL NT2 PWG (9/3/93) EVALUATED LESION OF SLIDE 2-2 AS RENAL
TUBULE, EXPERPLASIA. .

00078 All NPL NPL
00081 1-1 Cystic hyperplasia, Hyperplasia
nin, nin.
1-2 NPL " NPL
2=1 NPL NPL
2-2 NPL NPL
SPECIAL NTP PWE (9/3/93) COMFIRMED LESION ON SLIDE 3=-1 A8 RBEMAL
TUBULR, NYPRRPLASIA.
00086 All NPL NPL
00088 3<1 ¥PL NPL
. 1=2 NPL NPL
a=1 " Oficocytoma Ooncocytoma
2-2 NPL NPL

Comment: PWG (2/9/93) slide had diagnosis of minimal nephropathy.
SPRCIAL NTP PW@ (9/3/93) OONFIRMED LESION OM SLIDE 2-1 A8

ONCOCYTOMA. .
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00092 All NPL NPL
00098 All NPL NPL
1-1 NPL NPL
1=-2 NPL NPL
2-1 NPL NPL
a=-2 Hyperplasia, min. -Hyperplasia, min.
00110 1=1 . NPL . . NPL
1=-2 NPL NPL
2-1 Tubular adenoma R.nal tubule, adenoma
2=2 - NPL

SPECIAL NTP PWG (9/3/93) BVALUATED uIIOI ON SLIDE 2=1 AS RENAL
TUBULE, BYPERPLASIA.

00111 all NPL ¥PL
00113 1-1 ‘Tubular adenoma Renal tubule, hyperplasia
. 1=2 NPL : NPL
=1 Tubular adenoma Renal tubule, adenoma
2~2 NPL NPL

SPECIAL NTP PWG (9/3/93) EVALUATED LESION ON SLIDR i-1 AS RENAL
TUBULE, HYFERPLASIA, AND CONFIRMED LBSION ON SLIDE 2-=1 AS RERAL
TUBULE, ADENOMA. Note that thers are both b lastic ana
neoplastic proliferative lesions in this animal's Xidneys.

00117 aAll NPL NPL
00120 1=1 NPL NPL
. : 1-2 NPL NPL
2=1 NPL NPL
2-2 Tubular adenona Renal tubule, hyperplasia,

' nod.
SPRCIAL NTP WG (9/3/93) 'mmm LESION OX SLIDE 2-2 A8 RENAL
TUBULE, EYPERPLASIA.
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Triethanoclanine (C€16213) Rat Kidn -:{ Step Sections
Middle dose (63 mg/kg)

Animal Slide PATHCO Diagnosis Reviewer Diagnosis

00121 All NPL NPL
00123 All NPL NPL
' Comment: PWG (2/9/93) slide had an adencma, not noted in these step
sections.
00128 All NPL NPL
00130 1=1 NPL NPL
- - 1=2 RPL NPL
' =1 NPL NPL
a~-2 NPL

Renal tubule, hyperplasia,
aod,

Comment: PWG (2/9/93) slide had minimal hyperplasia. SPECIAL NTP
MWa (9/3/93) EVALUATED SLIDE 2«2 A EAVING MO RENAL TUBULE

mx.:rmrm LESIONS. . ——
A
00136 all RPL NPL
@ ) 1 NPL NFL
1=2 ¥PL NPL
a-1 Hyperplasia, nin Ryperplasia, min.
2-2 NPL NPL
00146 All NPL NPL
cComment: Section has autolysis.
L~ 00149 1-1 NPL - Mesothelicma
1-2 NPL . NPL
2-1 ¥PL NPL
2=2 NPL NPL
Comment: FWG (2/9/93) slide had a renal tubule adencma, not noted
in these stsp sections.
- 00151 u1 NPL NPL
Comment: (3/9/93) slide had a renal tubule adonau, not noted
in these step sections.
( 00154 ) 1-1 NPL , NPL
g 1-2 - ' Hyperplasia, milda Hyperplasia, mild
a=1 NPL NPL

-3 NPL NPL
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0015¢ i=-1 NPL ) NPL ‘
1-2 Tubular adanoma: Renal tubule, adenoma:
Hyperplasia, mod. Renal tubule, hypoderpluia,
med.
a=1 NPL NPL

: 2=2 NPL NPL
SPECIAL ¥TP PWG (9/3/93) CONFIRMED SLIDE 1-2 AS HAVING TWO RENAL
TUBULE PROLIFERATIVE LESIONS, AN ADENOMA AND FOCAL HEYPERPLASIA.
Comment: Thers are both hyperplastic and necplastic lesions in this
case. . .

00160 all " NFL T NPL
00163 all NPL " NPL
Comment: PWG (2/9/93) slide had adencma, not noted in these serial

sections.

00166 All NPL NPL

Comment: Sections have autolysis.

00187 lel NPL ’ NPL
1-2 KPFL NPL
2=-1 NPL Adencma; Hemangiosarcoma
2=2 NPL NPL

SPECIAL NTP PWG (9/3/93) EVALUATED SLIDE 2-1 AS EAVING TWO RENAL
TUBULE PROLIFERATIVE LESIONS, AN ADENOMA AND FOCAL XYPERPLASIA, AND
COMPIRMED PREVIOUSLY DIAGNOSED EEMANGIOSARCOMA. IT WAS NOTED THAT
mzommmmmmnmomaomnnnm.,
Comment: Thers are both hyperplastic and necplastic lesions in this
case.

00170 1-1 NPL NPL
. 1-2 Cystic hyperplasia, Renal tubule, hyperplasia,
ain. uin.
a=-1 NPL NPL
2-2 NPL NPL

SPECIAL NTP PWG (9/3/93) BVALUATED SLIDE 1-2 AS RENAL TUBULE,
EYPERPLASIA. .

00173 ALL. Wpp NPL
00173 1=1 NPL NPL
1-2 NPL NPL
2.1 - NPL NPL
2=2 Cystic huypcrpluu, Renal tubul ‘ain.' hyperplasia,

e .
SPECIAL NTP PWG (9/3/93) EVALUATED SLIDE i-2 AS RENAL TUBULE,
NYPERPLASIA. :
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00176 = All
00178 1-1
1-2

4 2-1

. 2=2

NPL

NPL
NPL
NPL

Rypertrophy, mod.

NPL

NPL
Hypertrophy, mod.

P.11
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Triethanclanine (C616321B) Rat Ridney Step Sections
Righ dose (125 mg/kxg) males

Animal  8lide PATHCO Diagnosis Reviewer Diagnosis
00181 All NPL NPL
00182 l-1 NPL RPL
Lo 1-3  NPL W
2-1 NPL T NPL' o ‘
2-2 Tubular adenoma Renal tubule, adencma

SPECIAL NTP PWG (9/3/93) NEVALUATED LESION ON SLIDE 2-2 AS AENAL
TUBULRE, EYPERPLASIA.

00185 1-1 NPL NPL
1-2 Hyperplasia, min. Hyperplasia, min.
NPL _ NPL .

2=1
2=-2 NPL NPL
0018% All NPL NPL
00191 1-1 NPL RPL
1-2 NPL NPL
a-1 NPL RPL
-2 Hyperplasia, Hyperplasia, marked
‘marked

3

NPL
Comment: PWC (2/9/93) slide had a renal tubule adencma, not noted

(f 00196 All
L
— in these step sections. -

00197 1-1 NPL

' / 1-2 Tubular adenema  Renal tubule, adencma
’ 2=1 NPL NPL .
2-2 rplasia, mild Hyperplasia, mild

SPECIAL NTP? PWG (9/3/93) CONFIRMED LESIOX ON SLIDE 1-2 AS RENWAL
» ADENOMA AND TEAT ON SLIDE 2«2 AS RENAL TUBULE, RYPERPLASIA.
Comment: Both necplasia and hyperplasia are in this case.

00199 All Mesotheliona , Nesothelioma
00203 All NPL ) NPL

00206 " All NPL - NPL
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z/) 00212 NPL NPL

Comment! m (3/9/93) slide had both renal tubule,adencma and renal
tubule, hyperplasia (nooplnia and hyperplasia), neither noted in
these ltop sections.

L~~~ 00216 1=1 NPL NPL '
1=-2 Tubular adenoma Ronal tubule, adencma
2=1 NPL '
2=2 NPL m
SPECIAL NTP PWG (9/3/93) CONFIRMED LESION ON SLIDE 1-2 AS mar
TURULR, ADBNOKA.

00217 All NPL NPL
00225 All : NPL NPL
00231 All NPL NPL
1=l NPL NPL
: =2 NPL NPL
2-1 NPL - NFPL
a=2 Hypezplasia, ain. Ryperplasia, min.
00235 All NPL NPL
Comment: Slides have autolysis.
00239 1=l NPL NPL
1-2 NPL . NPL
a=-1 NPL NPL
a=2 Tubular adenoma Renal tubule, adenoma

mcxu. NTP PWG (3/3/93) CONFIRNED LESION ON SLIDE 2-2 AS RENAL
ce-unt: Slides hav- autolysis.
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* . ’

SUMNARY OF RENAL TUBULE PROLIFERATIVE LESIONS

IN STEP SECTIONS OF MALS F344 RATS EXIPOSED TO
CERONIC DERMAL TRIBTEANOLAMINE

(BASED ON SPECIAL NTP PWG [9/2/93] OR CONCORDANCE
BETWEEN PATECO AND RaviswING PATROLOGIST)

O MG/R8 32 Ma/XG 63 MG/XG 125 MG/XG

ADENOMA ) 1 (1e) 2 (aw) 3 (1w)
‘ONCOCYTOMA [} b § 0 -]
EYPBRPLASIA s s ] [ ]

(#*) indicates number of animals with both neoplastic and
hyperplastic lasions.



SUMMARY

TRIETHANOLAMINE NTP CHRONIC STUDY
MALE RAT KIDNEY PROLIFERATIVE LESIONS

STUDY RESULTS CONTROL LOW MID HIGH
TRIETHANOLAMINE

HYPERPLASIA NTP 1 0 1 1

Single

HYPERPLASIA NTP 9 8 7 6

Total

HYPERPLASIA 1 1 1 1

Swenberg Single

HYPERPLASIA 9 8 7 6

Swenberg Total )

TUMORS Adenomas 1 2 6 4

Total NTP

TUMORS Adenomas 1 3 4 4

Total Swenberg —

PROLIFERATIVE 10 8 11 8
_LESIONS NTP

PROLIFERATIVE 10 9 11 8

LESIONS '

Swenberg -




TRIETHANOLAMINE NTP CHRONIC STUDY

MALE RAT KIDNEY PROLIFERATIVE LESIONS

CONTROLS
ANIMAL # Step or Regular NTP SWENBERG
3 S Hyperplasia
4 S Hyperplasia
6 S Hyperplasia
7 S Hyperplasia
15 S Hyperplasia
16 S NPL
20 S NPL
20 R Hyperplasia Hyperplasia
21 S Hyperplasia Hyperplasia
25 S NPL
26 S Adenoma Adenoma
28 s NPL
32 S Mesothelioma
36 S NPL
44 S NPL
51 S ) NPL
52 S Hyperplasia
58 S NPL
60 S ' _Hyperplasia

NPL= No Proliferative Lesion



TRIETHANOLAMINE NTP CHRONIC STUDY

MALE RAT KIDNEY PROLIFERATIVE LESIONS

LOW DOSE

ANIMAL #
61
62
62
66
68
73
81
88
88
104
110
113

120

Step or Regular

Z I 7R 7 7 N7 I 7 7 N R 7 S )

NTP

NPL
Hyperplasia
Adenoma
NPL
Hyperplasia
Hyperplasia
Hyperplasia
Oncocytoma
Nephropathy
Hyperplasia
Hyperplasia

Hyperplasia +
Adenoma

Hyperplasia

SWENBERG

Hyperplasia

Adenoma

Adenoma

Hyperplasia
Oncocytoma
Hyperplasia

Hyperplasia

Hyperplasia +
Adenoma

Hyperplasia



TRIETHANOLAMINE NTP CHRONIC STUDY

MID DOSE
ANIMAL #
123
130
130
145
149
151

154
156

163
167

170
173

MALE RAT KIDNEY PROLIFERATIVE LESIONS

Step or Regular

v oY n W

(7]

NTP
Adenoma
NPL
Hyperplasia
Hyperplasia
Adenoma
Adenoma
Hyperplasia

Adenoma +
Hyperplasia

Adenoma

Adenoma +
Hyperplasia

Hyperplasia
Hyperplasia

SWENBERG

Adenoma
Hyperplasia
Hyperplasia

Adenoma

Adenoma

Hyperplasia +
Hyperplasia
Adenoma

Hyperplasia +
Hyperplasia

Hyperplasia
Hyperplasia



TRIETHANOLAMINE NTP CHRONIC STUDY

MALE RAT KIDNEY PROLIFERATIVE LESIONS

HIGH DOSE
ANIMAL #
182
185
191

196
197

212

216 Interim Sac
1233
239

Step or Regular
S

v W w wn

)

NTP
Hyperplasia
Hyperplasia
Hyperplasia
Adenoma

Adenoma +
Hyperplasia

Adenoma +
Hyperplasia

Adenoma

Hyperplasia
Adenoma

SWENBERG

Hyperplasia

Adenoma

Adenoma +
Hyperplasia

Adenoma +
Hyperplasia
Adenoma

Adenoma
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SUMMARY OF FURTHER STATISTICAL ANALYSES OF THE INCIDENCE OF
HYPERPLASTIC AND NEOPLASTIC LESIONS IN THE KIDNEY OF MALE
RATS FROM THE NTP TRIETHANOLAMINE (TEA) DERMAL STUDY

These analyses were done to further analyze the equivocal
findings from the NTP TEA study. The data considered are the
number of hyperplasias and adenomas in single sections (1 per
kidney) and step sections (4 additional per kidney), plus
various combinations of these, for the male rat kidneys at 2
years. Also addressed are the data from the re-evaluation of
the male rat kidney lesions by Dr. James A. Swenberg
(University of North Carolina). The combined single and step
sections will be referred to as "total sections". Combined
hyperplasias and adenomas will be referred to as
"proliferative lesions”. The Cochran-Armitage trend test
(Armitage, 1971) and the Fisher exact probability test
(Siegel, 1956) were used to analyze the data. The trend test
was conducted at the significance level of alpha=0.02, two-
sided. Fisher's exact test was used to compare the incidence
of lesions in each of the treated groups to the contrecl group
of rats and was conducted at the significance level of
alpha=0.05, one-sided.

The NTP based its determination of equivocal evidence of
carcinogenic activity of TEA upon a marginal increase in the
renal tubule cell adenomas for the male rat which occurred
only in the mid dose group (63 mg/kg/day) . Tumor incidence
in single sections of kidneys for this dose group was 8%
which was outside the historical control range of 0%-6% and
approached statistical significance in the Fisher exact test
(p=0.0560) with the significance of the logistic regression
being p=0.060. The incidence in the total sections of
kidneys for this dose group was 12% which also approached
statistical significance in the Fisher exact test and
logistic regression (p=0.053 and p=0.054, respectively).
There was no treatment related effect reported for
hyperplasias. The number of hyperplasia reported was 1, 0,
1, and 1 in single sections, 8, 8, 6, and 5 in step sections
and 9, 8, 7, and 6 in total sections for 0, 32, 63, and 125
mg/kg/day dose groups, respectively.

The incidence of kidney tubule adenoma in single sections was
not statistically significant but did suggest the possibility
of an effect. The number of adenomas were 0, 1, 4, and 2 for
the 0, 32, 63, and 125 mg/kg/day dose groups, respectively.
To confirm or reject the possibility of a treatment related
effect, the kidneys were further examined with multiple step
sections in each kidney. This additional data showed no
indication of an effect. The number of adenomas in the step
sections were 1, 1, 2, and 2 for 0, 32, 63, and 125 mg/kg/day
dose groups, respectively.
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A Fisher exact probability test (Siegel, 1956) was conducted
to determine if the microscopic evaluation of single and step
sections of kidneys were equivalent in the noted incidences
of adenomas or hyperplasias relative to the number of
sections taken in each case i.e., single or step sections
(Table 1). Across all doses, there were a total of 7
adenomas in the single sections versus 6 adenomas in the step
sections. The denominator was the total number of sections
evaluated from all dose groups which was 398 for single
sections and 1592 for step sections. A statistically
significant difference was observed between the different
hitopathological evaluations (p=0.0068). Fewer tumors were
reported for step sections than were expected considering the
number of sections taken. A similar analysis was also
conducted on the incidence of kidney adenomas reported for
just the 63 mg/kg/day dose group (Table 1). In this
instance, 4 tumors were reported in 98 single sections versus
2 tumors in 392 step sections. Again, there was a
statistically significant difference (p=0.0163) between the
two evaluations with fewer than expected adenomas found in
the step sections. 1In contrast, analysis of the incidence of
hyperplasia reported in single versus step sections in all
dose groups revealed no statistical difference (p=0.1208).

Table 1

Fisher Exact Probability Test Comparing Single to Step Sections
for Number of Adenomas or Hyperplasias Found in reference to
Number of Steo Sections Taken

# Lesions/ # Lesions/ Dose Fisher Exact
Lesion # Single # Step Group Probability
Sections Sections
e
Adenoma 7/398 6/1592 All 0.0068*
Adenoma 4/98 2/392 63 ma/kq/dav 0.0163*
Hvperplasia 3/398 27/1592 All 0.1208

* Significant at alpha=0.0S, one-sided

The incidence of proliferative lesions (adenomas and
hyperplasias) in the single, the step, and the total sections
were also analyzed by the Cochran-Armitage trend test as
shown in Table 2 and the Fisher exact test as shown in Table
3. There were no sigrificant trends and no significant
differences between the treated and the control groups, nor
did any differences even approach significance. This
endpoint had similar results across all dose groups (10, 8,
11, 8 for the 0, 32, 63, and 125 mg/kg/day dose groups,
respectively). This similarity, as opposed to adenomas, is
due to the number of hyperplasias being greater for the
controls in the total sections (9, 8, 7, and 6 for 0, 32, 63,
and 125 mg/kg/day dose groups, respectively).
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Table 2

Cochran-Armitage Trend Test Results

Section and Lesion # Lesions for dose Trend P-value

groups (mg/kg/day)

0 32 63 125
- e — e, - - -
Single 1 1 5 2 0.2834
Proliferative Lesions —
Step 9 8 6 6 0.3304
Proliferative Lesions .
Total 10 8 11 8 0.8190
Proliferative Lesions

Table 3

Fisher Exact Probability Test Results for Comparisons to Control

Dose (mg/kg/day) that Control Group: Individual Fisher Exact
Control is Compared To, # Lesions/ Dose Group: Probability
Section & Lesion # Animals # Lesions/
# Animals

—t
32, single 1/50 1/50 0.7525
Proliferative Lesions .
63, Single .1/50 5/49 0.0976
Proliferative Lesions
125, Single 1/50 2/50 0.5000
Proliferative Lesions
32, step 9/50 ) 8/50 0.5000
Proliferative Lesions
- —————
63, Step 9/50 6/49 0.3030
Proliferative Lesions .
125, step 9/50 6/50 0.2883
Proliferative Lesions .
32, Total - 10/50 8/50 0.3976
Proliferative Lesions .
63, Total 10/50 11/49 0.4791
Proliferative Lesions
125, Total 10/50 8/50 0.3976

Proliferative Lesions
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The data from Dr. Swenbery3's re-evaluation of the male rat
kidneys were also analyzed. No statistically significant
trends (Table 4) or statistical differences from controls
(Table S) were found in the incidence of adenoma,
hyperplasias or combined proliferative lesions. NTP also
reported no significant trends or differences from controls
at the significance level of alpha=0.05. The difference
between the 63 mg/kg/day dose and the control group for
incidence of adenoma in single sections approached
statistical significance in both the NTP and Swenberg data
(p=0.056). 1In contrast, the difference between the treated
group and controls in incidence of adenoma for total sections
in the Swenberg data did not approach significance (p=0.175).
Note the difference in number of total adenomas for Swenberg
(1, 3, 4, and 4 for the 0, 32, 63 and 125 mg/kg/day dose
groups, respectively) and that of NTP (1, 2, 6, and 4 for 0,
32, 63 and 125 mg/kg/day dose groups, respectively).

Table 4

Cochran-Armitage Trend Test Results for Swenberg Re-read Data

Section and Lesion # Lesions for dose Trend P-value
o T

. - = [ ]
Single Hvoervplasia 1 1 1 1 ., 0.9964
Steo Hvperolasia 8 8 7 S 0.3697 —
Total Hvoerplasia - V 9 8 7 6 0.3838
Single Adenoma 0 1 4 2 0.1207
Step Adenoma 1 2 o 2 0.8358
Total Adenoma 1 37 4 4 0.1812
Single Proliferative Lesions 1 2 5 2 0.3809
Step Proliferative Lesions 9 8 7 6 0.3838

Total Proliferative Lesions 10 9 11 8 0.7591
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Table S

Fisher Exact Probability Test Results for Comparisons to Control for
Swenberg Re-read Data

Dose (mg/kg/day) that Control Group: Individual Fisher Exact

Control is Compared To, # Lesions/ Dose Group: Probability
Section & Lesion # Animals # Lesions/

# Animals

32 Single Hyperplasias 1/50 1/50 0.7525
63 Single Hvoerplasias 1/50 1/49 0.747s
125 Single Hvoerplasias 1/50 1/50 0.7525
32 Step Hyperplasias 8/50 8/50 0.6071
63 Step Hyperplasias 8/50 7/49 0.5171
125 Step Hyoerplasias 8/50 5/50 0.2768
32 Total Hvoerplasias 9/50 8/50 0.5000
.63 Total Hvperplasias 9/50 7/49 0.4100
125 Total Hvoerplasias 9/50 6/50 0.2883
32 Single Adenomas ' 0/50 1/50 0.5000
63 Single Adenomas 0/50 4/49 0.0563
125 single Adencmas 0/50 2/50 0.247s
32 Step Adencmas 1/50 2/50 0.5000
63 Steo Adenomas 1/50 k0/49 0.5051
125 Steo Adencmas - 1/50 2/50 0.5000
32 Total Adencmas 1/50 3/50 0.3087

.63 Total Adenomas 1/50 4/49 0.1748

125 Total Adenomas 1/50 4/50 0.1811
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Table 5 (cont.)

Fisher Exact Probability Test Results for Comparisons to Control for
Swenberg Re-read Data

Dose (mg/kg/day) that Control Group: Individual Fisher Exact
Control is Compared To, # Lesions/ Dose Group: Probability
Section & Lesion # Animals # Lesions/

# Animals o
32 Single 1/50 2/50 0.5000

,Proliferative Lesions

63 Single 1/50 '5/49 0.0976
Proliferative Lesions :

125 Single 1/50 2/50 0.5000
Proliferative Lesions

32 Sstep 9/50 8/50 0.5000
Proliferative Lesions

63 Step 9/50 7/49 0.4100
Proliferative Lesions

125 step 9/50 6/50 0.2883
Proliferative Lesions

32 Total 10/50 9/50 0.5000
Proliferative Lesions

63 Total 10/50 11/49 0.4791
Proliferative Lesions

125 Total 10/50 8/50 0.3976
Proliferative Lesions

Eustis et al. (1994) reported the range of incidence of male
rat kidney proliferative lesions from 13 NTP studies in which
step sections were taken (Eustis et al., see Table 1). For
total sections, the range of total tumors was 0% to 16% and
for hyperplasias was 0% to 20%. These data provide the
historical control data base for studies in which step
sections are taken, assuming as the authors did, that the
environmental and biological variables that could influence
results were limited. The highest incidence of tumors for
total sections was 12% in the NTP TEA data for the 63
mg/kg/day dose group and 8% in Swenberg's TEA data for both

© the 63 mg/kg/day and 125 mg/kg/day dose groups. These values
fall within the total section, total tumor historical control
range from Eustis et al. (1994). The incidence of
hyperplasia for total sections in the dosed groups ranged
from 16% to 12% for both the NTP TEA data and the Swenberg
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TEA data. These values fall within the range of 0% to 20%
for the total section, hyperplasia historical controls from
Eustis et al. (1994).

In summary, the incidence of adenoma in the step sections
showed no treatment related effect and was less than expected
given the additional sections taken. The incidence of 8% for
Swenberg's adenoma total section data in the 63 mg/kg/day
dose did not even approach significance. Both the NTP and
Swenberg adenoma total section data were in the range of the
total section, total tumor historical controls reported by
Eustis et al. (1994). The total proliferative lesion data
displayed no significant trend or differences between treated
and control groups of rats as the incidence of these lesions
was similar across dose groups.
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